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Description

Technical Field

[0001] The present invention relates to ethylene copolymers and a process for preparing the same. More specifically,
it relates to ethylene copolymer exhibiting excellent processibility and physical properties due to its multimodal molecular
weight distribution index, and a process for preparing the same via multi-stage synthesis.

Background Art

[0002] Generally, polymers polymerized by using a single site catalyst show narrow molecular weight distribution and
uniform distribution of comonomers, with higher copolymerization activity than that of Ziegler-Natta catalyst. However,
due to their narrow molecular weight distribution, the processing would require large energy consumption and be difficult
to be performed by using existing equipments, but increasing the processing cost. When the techniques for polymerizing
olefin by the use of single site catalyst are analyzed from the viewpoint of conventional commercialized processes, they
can be directly applied (in case of a high-pressure solution process) if the solubility of the single site catalyst in solvent
is sufficiently high, and significant issues would be stability of catalyst at relatively high polymerization temperature, and
removal of catalytic activity during the work-up process after the reactor, as well as separation of impurities and reaction
inhibitors during the course of isolating, purifying and recovering the solvent.
[0003] In order to ensure processibility as well as improved physical properties of ethylene copolymer which is polym-
erized by using single site transition metal catalyst, it is advantageous for the copolymer to have broader molecular
weight distribution, or molecular weight distribution showing two or more peaks in the molecular weight distribution curve.
[0004] In order to manufacture such ethylene copolymer with improved processibility and physical properties, US
Patent 4,935,474 discloses a process wherein two or more metallocene catalysts having different reaction rates are
used in one reactor. According to this process, however, it is difficult to prepare ethylene copolymer with various density
distributions, though polymers having relatively broad molecular weight distribution or bimodal molecular weight distri-
bution could be prepared.
[0005] US Patent 3,592,880, EP 057420 and 237294, GB Patent 2020672, disclose slurry-slurry multi-stage polym-
erization processes; GB Patent 1505017, EP 040992, US Patent 4,420,592, gas-gas multi-stage polymerization proc-
esses; and GB Patent 1532231, US Patent 4,368,291, 4,309,521, 4,368,304 slurry-gas multi-stage processes. Though
WO 9212182 states that two or more stage are possible for gas process in a slurry-gas process, only bimodal molecular
weight distribution via a two-stage process is shown, due to catalyst characteristics and accordingly introduction of
hydrogen. Examples of the patent suggest production of ethylene copolymer with restricted density of at least 0.930
g/cm3, so that the process implies limitation to produce ethylene copolymer resin of various use, such as film with high
impact strength.
[0006] WO 1994/17112 proposes a process for preparing ethylene copolymer with broad molecular weight distribution
by using metallocene and Ziegler-Natta catalyst in solution polymerization, but this process provides only bimodal mo-
lecular weight distribution with limitation in improvement of physical properties of the polymer through the modified
process.
[0007] US Patent 6,277,931 also discloses a process for polymerizing ethylene having bimodal molecular weight
distribution by using heterogeneous catalyst (metallocene and Ziegler-Natta) in a solution polymerization process. How-
ever, when heterogeneous catalyst is used in a system, interference between the heterogeneous catalysts or with
cocatalyst may occur, so that the reaction would be hardly controlled. The cocatalyst for Ziegler-Natta catalyst may act
as catalyst poison or reaction inhibitor against single site catalyst.
[0008] WO 2006/048257 proposed a process for ethylene copolymer with broad molecular weight distribution and
trimodal molecular weight distribution via three reactors. The process is designed as a slurry-gas process wherein high
density polyethylene with high molecular weight is partially synthesized in a prepolymer reactor prior to the slurry process,
and then slurry and gas phase process are carried out to provide ethylene copolymer having trimodal and broad molecular
weight distribution. However, the high molecular weight portion with high density may result in deleterious effect on
impact strength of film from the aspect of overall resin.
[0009] US Patent 6,372,864 proposed a process for preparing ethylene copolymer having satisfactory physical prop-
erties and processibility by using single site catalyst containing phosphinimine ligand(s) in two stirred tank reactors.
According to the process, however, a large amount of comonomer should be employed in the process to give low density,
due to the catalyst property, and thus comonomer would remain in the final polymer product to cause problems in odor
and hygiene.
[0010] US Patent 6,995,216 suggests a process for preparing ethylene copolymer having broad molecular weight
distribution by using single site catalyst containing crosslinked indenoindolyl ligand(s) in a multi-stage or multiple reac-
tor(s). But the process does not consider complete mixing of the reactants through the multi-stage, so that the polymer
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synthesized in each stage may have disadvantages due to insufficient mixing.

Disclosure of Invention

Technical Problem

[0011] In order to overcome the problems of conventional techniques, the present inventors carried out extensive
studies, and invented a multi-stage solution reaction process for preparing ethylene copolymer having narrow molecular
weight distribution and uniform density distribution with controlling the features of ethylene copolymer by the multi-stage
synthetic process using appropriate single site catalyst to improve physical properties as well as processibility of the
ethylene copolymer. Thus, the polymers having various molecular weights, comonomer contents or densities are pre-
pared with different monomers, comonomer compositions, reaction temperatures, reaction pressures, in individual re-
actors among two or more reactors connected in multi-stage.
[0012] Specifically, according to the multi-stage solution reaction process as described above, ethylene copolymers
having different density distribution with multi-modal molecular weight distribution, preferably at least bimodal or more
molecular weight distribution, can be prepared in each reactor by using α-olefin comonomer having at least three carbon
atoms. The invention is completed based on such discoveries. Particularly, copolymers having high molecular weight
can be prepared by using single site catalyst according to the present invention, in spite of high degree of comonomer
coupling.
[0013] Thus, as a solution of such problems, one object of the invention is to provide ethylene copolymer having multi-
modal molecular weight distribution with improved physical properties as well as processibility which is prepared via
multi-stage synthesis of ethylene or α-olefin, and a process for preparing the same.
[0014] Another object of the present invention is to overcome the disadvantages caused by preparation by blending,
and to provide ethylene copolymer which can be easily produced and applied to various use, and a process for preparing
the same.

Solution to Problem

[0015] To achieve the objects of the present invention, one aspect of the present invention provides a process for
preparing ethylene copolymer having bimodal molecular weight distribution by carrying out two-stage polymerization in
two reactors connected in series, which comprises (a) polymerizing ethylene and one or more C3-C18 α-olefin comon-
omer(s) in the presence of a catalyst composition containing a transition metal catalyst represented by Chemical Formula
(1) and cocatalyst which is a mixture of an alkylaluminium compound and a boron compound in one reactor to produce
a first copolymer; and (b) passing the first copolymer prepared from stage (a) through the other reactor containing
ethylene or ethylene and at least one C3-C18 α-olefin at a temperature higher than the reaction temperature of stage
(a) in the presence of the same catalyst composition employed in stage (a) in order to prepare polymer of high temperature
which contains ethylene and C3-C18 α-olefin copolymer composition.
[0016] Another aspect of the present invention provides a process for preparing ethylene copolymer having bimodal
molecular weight distribution by carrying out two-stage polymerization in two reactors connected in parallel which com-
prises (a) polymerizing ethylene and one or more C3-C18 α-olefin comonomer(s) in the presence of a catalyst composition
containing a transition metal catalyst represented by Chemical Formula (1) and cocatalyst which is a mixture of an
alkylaluminium compound and a boron compound in one reactor to produce a first copolymer; (b) reacting the ethylene
or ethylene and one or more C3-C18 α-olefin at a temperature higher than the reaction temperature of stage (a) in the
presence of the same catalyst composition employed in stage (a) in the other reactor, in order to prepare a second
copolymer; and (c) mixing the first copolymer with the second copolymer.

[0017] In the formula, M represents transition metal from Group 4 in the Periodic Table of Elements;
Cp represents a cyclopentadienyl ring which is η5-linkable to the core metal M, or a fused ring containing a cyclopenta-
dienyl ring, in which the cyclopentadienyl ring or the fused ring containing a cyclopentadienyl ring may be further sub-
stituted by one or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl, (C2-C20)alkenyl and (C6-C30)ar(C1-
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C20)alkyl;
R1 through R4 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)aryl,
(C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)ar-
ylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or each of R1 through R4 may be linked to an adjacent substituent
via (C3-C12)alkylene or (C3-C12) alkenylene with or without containing a fused ring to form an alicyclic ring, or a
monocyclic or polycyclic aromatic ring;
Ar1 represents (C6-C30)aryl or (C3-C30)heteroaryl containing one or more heteroatom(s) selected from N, O and S;
X1 and X2 independently represent halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)ar(C1-C20)alkyl, (C1-
C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-
C30)arylthio, or

R11 through R15 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)ar-
yl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-
C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or R11 through R15 may be linked to an adjacent substituent
via (C3-C12)alkylene or (C3-C12) alkenylene with or without containing a fused ring to form an alicyclic ring, or a
monocyclic or polycyclic aromatic ring; and
the alkyl, aryl, cycloalkyl, aralkyl, alkoxy, alkylsiloxy, arylsiloxy, alkylamino, arylamino, alkylthio or arylthio of R1 through
R4, R11 through R15, X1 and X2; the ring formed by linkage of each of R1 through R4 or R11 through R15 to an adjacent
substituent via alkylene or alkenylene; or the aryl or heteroaryl of Ar1 and Ar11 may be further substituted by one or more
substituent(s) selected from halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl,
(C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio,
(C6-C30)arylthio, nitro and hydroxyl.
[0018] Now, preferable embodiments of the present invention are described in more detail with referring to the drawings
appended. It is to be noted that same reference numbers are given to identical constituents or parts in the drawings. In
the description of the invention, specific explanations on relevant known functions or structures are omitted in order to
avoid ambiguity.
The ethylene copolymers according to the invention are prepared via two stages, and have narrow molecular weight
distribution. The preparation requires a single site catalytic system which can provide high bond strength between
comonomers with narrow density distribution. Used can be a Group 4 transition metal catalyst which is not crosslinked
by a legand and comprises a cyclopentadiene derivative and at least one aryloxide ligand(s) having aryl derivative
substituted at ortho-position.
[0019] Furthermore, a stage to provide bimodal molecular weight distribution is applied to the process in order to
overcome the low processibility due to narrow molecular weight distribution of the polymer polymerized by using a single
site catalyst. A solution polymerization process, wherein high molecular weight α-olefin preferably having at least 3
carbon atoms, preferably at least 6 carbon atoms can be applied as comonomer, is carried out.
[0020] Thus, due to lower density of the high molecular weight portion than that of other molecular weight portion, the
existing frequency of tie molecules in the molecular chain increases, so that impact strength is increased in case of
being used for film, and long-term durability at high temperature is improved in case of being used as pipe.
[0021] Now the invention is described in detail.

1.Specification of the catalyst used

[0022] The catalyst used according to the present invention is a catalyst composition comprising the transition metal
catalyst represented by Chemical Formula (1) and cocatalyst. The cocatalyst is a mixture of an alkylaluminium compound
and a boron compound.
[0023] First, the compound represented by Chemical Formula (1) is a Group 4 transition metal catalyst which comprises
cyclopentadiene derivative and at least one aryloxide ligand(s) having aryl derivative substituted at ortho-position around
the transition metal, without having any linkage between the ligands.
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[0024] In the transition metal catalyst of Chemical Formula (1), the core metal M represents transition metal from
Group 4 in the Periodic Table of Elements, preferably titanium, zirconium or hafnium. In the formula, Cp represents a
cyclopentadienyl ring which is η 5-linkable to the core metal M, or a fused ring containing a cyclopentadienyl ring, in
which the cyclopentadienyl ring or the fused ring containing a cyclopentadienyl ring may be further substituted by one
or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl, (C2-C20)alkenyl and (C6-C30)ar(C1-C20)alkyl. Specific
examples of Cp include cyclopentadienyl, methyl cyclopentadienyl, dimethylcyclopentadienyl, tetramethylcyclopentadi-
enyl, pentamethylcyclopentadienyl, butylcyclopentadienyl, sec-butylcyclopentadienyl, tert-butylmethylcyclopentadienyl,
trimethylsilylcyclopentadienyl, indenyl, methylindenyl, dimethylindenyl, ethylindenyl, isopropylindenyl, fluorenyl, meth-
ylfluorenyl, dimethylfluorenyl, ethylfluorenyl, and isopropylfluorenyl.
[0025] Groups R1 through R4 on the arylphenoxide ligand in Chemical Formula (1) may independently represent
hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-
C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio or ni-
tro, or each of R1 through R4 may be linked via (C3-C12)alkylene or (C3-C12) alkenylene with or without containing a
fused ring to form an alicyclic ring, or a monocyclic or polycyclic aromatic ring;
Ar1 represents (C6-C30)aryl or (C3-C30)heteroaryl containing one or more heteroatom(s) selected from N, O and S;
X1 and X2 independently represent halogen, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)ar(C1-C20)alkyl, (C1-
C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-
C30)arylthio, or

[0026] R11 through R15 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl,
(C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino,
(C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or each of R11 through R15 may be linked to an adjacent
substituent via (C3-C12)alkylene or (C3-C12) alkenylene with or without containing a fused ring to form an alicyclic ring,
or a monocyclic or polycyclic aromatic ring; and
the alkyl, aryl, cycloalkyl, aralkyl, alkoxy, alkylsiloxy, alkylamino, arylamino, alkylthio or arylthio of R1 through R4, R11

through R15, X1 and X2; the ring formed by linkage of each of R1 through R4 or R11 through R15 to an adjacent substituent
via alkylene or alkenylene; and aryl or heteroaryl of Ar1 and Ar11 may be further substituted by one or more substituent(s)
selected from halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-
C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-
C30)arylthio, nitro and hydroxyl.
[0027] Examples of halogen atoms include fluorine, chlorine, bromine and iodine atoms. Examples of (C1-C20)alkyl
or (C3-C20)cycloalkyl include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl,
n-octyl, n-decyl, n-dodecyl, n-pentadecyl and n-eicosyl, of which methyl, ethyl, isopropyl or tert-butyl being preferable;
examples of (C6-C30)aryl include phenyl, naphthyl, anthracenyl and fluorenyl; examples of (C6-C30)ar(C1-C20)alkyl
group include benzyl, (2-methylphenyl)methyl, (3-methylphenyl)methyl, (4-methylphenyl)methyl, (2,3-dimethylphe-
nyl)methyl, (2,4-dimethylphenyl)methyl, (2,5-dimethylphenyl)methyl, (2,6-dimethylphenyl)methyl, (3,4-dimethylphe-
nyl)methyl, (4,6-dimethylphenyl)methyl, (2,3,4-trimethylphenyl)methyl, (2,3,5-trimethylphenyl)methyl, (2,3,6-trimethyl-
phenyl)methyl, (3,4,5-trimethylphenyl)methyl, (2,4,6-trimethylphenyl)methyl, (2,3,4,5-tetramethylphenyl)methyl,
(2,3,4,6)-tetramethylphenyl)methyl, (2,3,5,6-tetramethylphenyl)methyl, (pentamethylphenyl)methyl, (ethylphenyl)me-
thyl, (n-propylphenyl)methyl, (isopropylphenyl)methyl, (n-butylphenyl)methyl, (sec-butylphenyl)methyl, (n-tetradecyl-
phenyl)methyl, triphenylmethyl, naphthylmethyl and anthracenylmethyl, of which benzyl or triphenylmethyl being pref-
erable; examples of (C1-C20)alkoxy include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy,
n-pentoxy, neopentoxy, n-hexoxy, n-octoxy, n-dodecoxy, n-pentadecoxy and n-eicocoxy, of which methoxy, ethoxy,
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isopropoxy or tert-butoxy being preferable; examples of (C3-C20)alkylsiloxy or (C6-C30)arylsiloxy include trimethylsiloxy,
triethylsiloxy, tri-n-propylsiloxy, triisopropylsiloxy, tri-n-butylsiloxy, tri-sec-butylsiloxy, tri-tert-butylsiloxy, tri-isobutylsiloxy,
tert-butyldimethylsiloxy, tri-n-pentylsiloxy, tri-n-hexylsiloxy, tricyclohexylsiloxy, phenylsiloxy, diphenylsiloxy and naph-
thylsiloxy, of which trimethylsiloxy, tert-butyldimethylsiloxy or phenylsiloxy being preferable.
[0028] Examples of (C1-C20)alkylamino or (C6-C30)arylamino include dimethylamino, diethylamino, di-n-propylamino,
diisopropylamino, di-n-butylamino, di-sec-butylamino, di-tert-butylamino, diisobutylamino, tert-butylisopropylamino, di-
n-hexylamino, din-octylamino, di-n-decylamino, diphenylamino, dibenzylamino, methylethylamino, methylphenylamino
and benzylhexylamino, of which dimethylamino, diethylamino or diphenylamino being preferable; and examples of (C1-
C20)alkylthio or (C6-C30)arylthio include methylthio, ethylthio, isopropylthio, phenylthio and naphthylthio.
[0029] Specific examples of the compounds of Chemical Formula (1) may be represented by one of the following
Chemical Formulas:
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[0030] In the formulas, R21 through R26 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-
C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-
C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or each of R21 through R26 may be
linked to an adjacent substituent via (C3-C12)alkylene or (C3-C12) alkenylene with or without containing a fused ring
to form an alicyclic ring, or a monocyclic or polycyclic aromatic ring; the alkyl, aryl, cycloalkyl, aralkyl, alkoxy, alkylsiloxy,
arylsiloxy, alkylamino, arylamino, alkylthio or arylthio of R21 through R26 may be further substituted by one or more
substituent(s) selected from halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl,
(C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio,
(C6-C30)arylthio, nitro and hydroxyl;
Cp represents a cyclopentadienyl ring which is η5-linkable to the core metal M, or a fused ring containing a cyclopenta-
dienyl ring, in which the cyclopentadienyl ring or the fused ring containing cyclopentadienyl ring may be further substituted
by one or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl, (C2-C20)alkenyl and (C6-C30)ar(C1-C20)alkyl;
and
X1 and X2 represent methyl or Cl.
[0031] More specifically, the present invention provides a process for preparing ethylene copolymer which is charac-
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terized in that the transition metal catalyst is selected from the following compounds:

[0032] In the formulas, Cp represents a cyclopentadienyl ring which is η5-linkable to the core metal M, or a fused ring
containing a cyclopentadienyl ring, in which the fused ring containing cyclopentadienyl ring may be further substituted
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by one or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl, (C2-C20)alkenyl and (C6-C30)ar(C1-C20)alkyl;
and
X1 and X2 represent methyl or Cl.
[0033] In order for the transition metal catalyst of Chemical Formula (1) to become an active catalyst component for
olefin polymerization, a mixture of an alkylaluminium compound and a boron compound, which can extract X ligand from
the transition metal compound to make the core metal become a cation, while serving as a counterion (anion) with weak
bond strength, is employed as cocatalyst. Though the organic aluminum compound used herein is to remove trace
amount of polar substances (which functions as catalyst poison in the reaction solvent), it may serve as alkylating agent
when X ligand is halogen.
[0034] Boron compounds which can be used as cocatalyst according to the present invention can be selected from
the compounds represented by one of Chemical Formulas (2) to (4), as can be found in US Patent 5,198,401.

[Chemical Formula 2]

[0035]

B(R31)3

[Chemical Formula 3]

[0036]

[R32]+[B(R31)4]-

[Chemical Formula 4]

[0037]

[(R33)qZH]+[B(R31)4]-

[0038] In Chemical Formulas (2) to (4), B represents boron atom; R31 represents phenyl, which may be further sub-
stituted by three to five substituents selected from fluorine atom, (C1-C20)alkyl with or without fluorine substituent(s),
or (C1-C20)alkoxy with or without fluorine substituent(s); R32 represents (C5-C7)cycloalkyl radical, (C1-C20)alkyl(C6-
C20)aryl radical, or (C6-C30)ar(C1-C20)alkyl radical such as triphenylmethyl radical; Z represents nitrogen or phosphorus
atom; R33 represents anilinium radical which is substituted by two (C1-C4)alkyl group together with (C1-C20)alkyl radical
or nitrogen atom; and q is an integer of 2 or 3.
[0039] Preferable examples of boron-containing cocatalyst include tris(pentafluorophenyl)borane, tris(2,3,5,6-
tetrafluorophenyl)borane, tris(2,3,4,5-tetrafluorophenyl)borane, tris(3,4,5-trifluorophenyl)borane, tris(2,3,4-trifluorophe-
nyl)borane, phenylbis(pentafluorophenyl)borane, tetrakis(pentafluorophenyl)borate, tetrakis(2,3,5,6-tetrafluorophe-
nyl)borate, tetrakis(2,3,4,5-tetrafluorophenyl)borate, tetrakis(3,4,5-trifluorophenyl)borate, tetrakis(2,2,4-trifluorophe-
nyl)borate, phenylbis(pentafluorophenyl)borate and tetrakis(3,5-bistrifluoromethylphenyl)borate. Specific blends thereof
include ferrocenium tetrakis(pentafluorophenyl)borate, 1,1 -dimethylferrocenium tetrakis(pentafluorophenyl)borate, sil-
ver tetrakis(pentafluorophenyl)borate, triphenylmethyl tetrakis(pentafluorophenyl)borate, triphenylmethyl tetrakis(3,5-
bistrifluoromethylphenyl)borate, triphenylmethyl tetrakis(pentafluorophenyl)borate, triethylammonium tetrakis(pen-
tafluorophenyl)borate, tripropylammonium tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium tetrakis(pentafluor-
ophenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-bistrifluoromethylphenyl)borate, N,N-dimethylanilinium tetrakis(pen-
tafluorophenyl)borate, N,N-diethylanilinium tetrakis(pentafluorophenyl)borate, N,N-2,4,6-pentamethylanilinium tet-
rakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(3,5-bistrifluoromethylphenyl)borate, diisopropylammoni-
um tetrakis(pentafluorophenyl)borate, dicyclohexylammonium tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, tri(methylphenyl)phosphonium tetrakis(pentafluorophenyl)borate and tri(dimethyl-
phenyl)phosphonium tetrakis(pentafluorophenyl)borate. Among them, more preferable are N,N-dimethylanilinium tet-
rakis(pentafluorophenyl)borate, triphenylmethyl tetrakis(pentafluorophenyl)borate and tris(pentafluorophenyl)borane.
The molar ratio of core metal M: boron atom preferably is 1:0.1∼50, more preferably 1:0.5∼15.
[0040] The aluminum compounds which are usable according to the present invention include organo-aluminum com-
pounds represented by Chemical Formula (7)
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[Chemical Formula (7)]

[0041]

(R42)rAl(E)3-r

[0042] In Chemical Formula (7) R42 represents (C1-C20)alkyl; E represents hydrogen atom or halogen atom; r is an
integer from 1 to 3; and R44 may be selected from (C1-C20)alkyl and (C6-C30)aryl.
[0043] Specific examples which can be used as the aluminum compound include organic aluminum compounds
including trialkylaluminium such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisobutylaluminum and
trihexylaluminum; dialkylaluminum chloride such as dimethylaluminum chloride, diethylaluminum chloride, dipropylalu-
minum chloride, diisobutylaluminum chloride and dihexylaluminum chloride; alkylaluminum dichloride such as methyl-
aluminum dichloride, ethylaluminum dichloride, propylaluminum dichloride, isobutylaluminum dichloride and hexylalu-
minum dichloride; and dialkylaluminum hydride such as dimethylaluminum hydride, diethylaluminum hydride, dipropy-
laluminum hydride, diisobutylaluminum hydride and dihexylaluminum hydride. Among them, preferable is trialkylalumi-
num, more preferable is triethylaluminum or triisobutylaluminum. The molar ratio of the core metal M: aluminum atom
is preferably from 1:1 to 1:2000, more preferably from 1:5 to 1:1,000.
[0044] The molar ratio of the core metal M: boron atom: aluminum atom preferably is 1:0.1∼50:1∼1,000, more preferably
1:0.5∼15:5∼500.

2. Solution polymerization process

[0045] Since ethylene polymerization of the present invention is carried out with two stages, two reactors are required.
Two polymerization stages are performed to give broad molecular weight distribution.
[0046] The process for preparing ethylene copolymer according to the invention is carried out at reaction temperature
of 80 - 210°C (stage (a)), and 90 - 220°C (stage (b)), under pressure of 20 - 500 atm.
[0047] In stage (a), polymerization is carried out in the presence of said catalyst or catalyst composition, at a temperature
from 80 to 210°C, more preferably from 80 to 150°C under a pressure from 20 to 500 atm, more preferably from 30 to
200 atm. If the reaction temperature is lower than 80°C, the polymer can be hardly produced because the reaction would
not occur due to precipitation or insufficient dispersion of the reactants. If it exceeds 210°C, it is impossible to prepare
the polymer having predetermined molecular weight. If the pressure is not within the above mentioned range, it is difficult
to obtain the polymer having the molecular weight desired.
[0048] Thereafter, in stage (b), the polymer prepared from stage (a) is copolymerized with α-olefin in the presence of
the same catalyst or catalyst composition used for stage (a) at a temperature from 90 to 220°C, more preferably from
120 to 200°C, under the same pressure as in stage (a). If the temperature is lower than 90°C, polymer may be precipitated,
or similar polymer to that obtained from stage (a) is prepared to eliminate the effect of multi-stage polymerization. If the
temperature exceeds 220°C, the molecular weight of the polymer becomes too low to impair its physical properties. With
regard to the pressure, corresponding results are obtained as in stage (a).
[0049] In the meanwhile, the present invention aims at control of physical properties of ethylene copolymer having
uniform molecular weight and multi-modal density distribution by means of different process conditions such as amount
of ethylene or hydrogen incorporated in stage (a) or (b), and conversion. Particularly, it is intended to improve the physical
properties of final resin such as tensile strength and impact strength by optimizing tie molecules in the molecular structure
by means of predetermined ratio of high molecular, low-density polymer in stage (a). In stage (b) after (a), same catalyst
of catalyst composition is used but the polymerization is performed at a higher temperature to provide ethylene copolymer
having different range of molecular weight and density from the polymer prepared in stage (a). Due to the features of
the transition metal catalyst according to the invention, the resultant polymer could not help exhibiting narrow molecular
weight distribution and density distribution. However, broad molecular weight and density distribution as desired by the
manufacturer can be obtained by control through the multi-stage reaction.
[0050] Throughout the multi-stage reaction, arrangement of the reactors may be in series or in parallel.
[0051] Fig. 1 is a schematic view of reactors arranged in series, according to one preferable embodiment of the present
invention. As referring to Fig. 1, the reactors in series include a stage-1 feed pump (11), a stage-1 feed cooler (12), a
feed heater (13) of stage-1 reactor, a stage-1 low-temperature reactor (14), a catalyst feed (15) of stage-1 low-temperature
reactor, a stage-2 high-temperature reactor connected in series (16), a catalyst feed (17) of stage-2 high-temperature
reactor, a feed pump (18) of stage-2 reactor, a feed cooler (19) of stage-2 reactor, a feed heater (20) of stage-2 reactor,
a feed (21) of stage-2 reactor and a hydrogen feed (22).
[0052] Thus, the reaction in series according to the invention comprises feeding the reactants excluding catalyst to
the stage-1 low-temperature reactor (14), which is equipped with a temperature controller and includes the feed cooler
(12) of stage-1 reactor and the feed heater (13) of stage-1 reactor through the feed pump (11) of stage-1 reactor; feeding
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the catalyst through the catalyst feed (15) of stage-1 low-temperature reactor; and carrying out stage (a) at a lower
temperature than that of stage-2. The polymer obtained via stage (a) is directly fed to the stage-2 high-temperature
reactor connected in series (16) equipped with a feed cooler (19) of stage-2 reactor and a feed heater (20) of stage-2
reactor; the catalyst is fed through the catalyst feed (17) of stage-2 high-temperature reactor; and the reactants to the
stage-2 reactor feed (21) through the feed pump (18) of stage-2 reactor, and hydrogen through the hydrogen feed (22);
and polymerization of stage (b) is carried out at a higher temperature than that of stage (a). For the reactors connected
in series, the overall reactor system has to be designed and controlled by considering ethylene conversion and catalytic
activity in stage-1 reaction.
[0053] Fig. 2 is a schematic view of reactors arranged in parallel, according to one preferable embodiment of the
present invention. As referring to Fig. 2, the reactors in parallel include a feed pump (31) of low-temperature reactor, a
feed pump (32) of high-temperature reactor, a feed cooler (33) of low-temperature reactor, a feed heater (34) of low-
temperature reactor, a feed cooler (35) of high-temperature reactor, a feed heater (36) of high-temperature reactor, a
low-temperature reactor (37), a catalyst feed (38) of low-temperature reactor, a catalyst feed (39) of high-temperature
reactor, a high-temperature reactor (40), an in-line mixer (41), a feed (42) of the high temperature reactor, and a hydrogen
feed (43).
[0054] Thus, stage (a) of the reaction in reactors in parallel is carried out by feeding the reactants (excluding catalyst)
through the feed pump (31) of the low-temperature reactor to the low temperature reactor (37) (in which temperature is
controlled by the feed cooler (33) of the low temperature reactor and the feed heater (34) of the low temperature reactor);
and adding catalyst through the catalyst feed (38) of the low temperature reactor.
[0055] Separately from stage (a), reaction is carried out at a higher temperature than that of stage (a), by feeding the
reactants (excluding catalyst) through the feed pump (32) of the high-temperature reactor to the high temperature reactor
(40) (in which temperature is controlled by the feed cooler (35) of the high temperature reactor and the feed heater (36)
of the high temperature reactor), and then through the feed (42) of the high temperature reactor, together with hydrogen
feed (43); and adding catalyst through the catalyst feed (39) of the high temperature reactor. The low temperature and
high temperature reactants are mixed in the in-line mixer (41) to give homogeneous copolymer.
[0056] For the reaction in such reactors in parallel, an in-line mixer is used for homogeneous mixing of the solution
from each reactor, in order to provide uniform physical properties of the copolymer. For the purpose of obtaining homo-
geneous copolymer, any possible unit such as stirred tank as well as an in-line mixer may be employed.
[0057] In stages (a) and (b) of the present invention, preferable amounts of ethylene and one or more C3-C18 α-olefin
comonomer are 60∼99% by weight of ethylene and 1∼40% by weight of α-olefin comonomer, respectively. When ethylene
content is lower than 60%, physical properties become poor since the desired properties of ethylene do not appear
because of the low ethylene content. If it is higher than 99% by weight, effect of copolymer would be lowered.
[0058] In stages (a) and (b), specific examples of C3-C18 α-olefin comonomer include propylene, 1-butene, 1-pentene,
4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene and mixtures thereof. Among them, more preferable
are 1-butene, 1-hexene, 1-octene or 1-decene.
[0059] In stages (a) and (b), preferable organic solvent for polymerization is C30-C20 hydrocarbon. Specific examples
of solvent include butane, isobutene, pentane, hexane, heptane, octane, isooctane, nonane, decane, dodecane, cy-
clohexane, methylcyclohexane, benzene, toluene, and xylene. Examples of commercially available solvent suitable for
the process are solvent of SK-ISOL series, a type of isoparaffin solvent. For example, SK-ISOL E (available from SK
Energy) is C8-C12 aliphatic hydrocarbon solvent having the distillation range of 117∼137°C.
[0060] Ethylene copolymers prepared according to the process in accordance with the invention is characterized in
that they comprise 10∼70% by weight of the polymer prepared from stage (a) and 30∼90% by weight of the polymer
prepared from stage (b); and the polymer from stage (a) has MI of 0.001 to 2.0 g/10 min and density of 0.860 to 0.925
g/cm3, and the polymer from stage (b) is ethylene copolymer having MI of 0.1 to 100.0 g/10 min and density of 0.900 to
0.970 g/cm3.
[0061] First, the polymer prepared from stage (a) is contained in an amount of 10∼70% by weight, preferably 20∼60%
by weight. If the polymer content from stage (a) is lower than 10% by weight, improvement in impact strength would not
occur. If the content exceeds 70% by weight, transparency is noticeably deteriorated when being processed into film,
so that high energy is required for processing, with low productivity.
[0062] Molecular weight of the polymer prepared from stage (a), which is based on measurement of MI (melt index)
according to ASTM D2839, is MI of 0.001 to 2.0 g/10 min, more preferably from 0.005 to 1.0 g/10 min. If MI of the polymer
prepared from stage (a) is less than 0.001 g/10 min, the polymer prepared would be too stiff to result in poor processibility.
If it is higher than 2.0 g/10 min, noticeable improvement would not appear in overall physical property of the polymer
such as tensile strength and impact strength. According to the report of Tetsuya, Yoshigio, Takagi Hatori et al., ’High
Performance PE100 Resin with Extraordinary Resistance of Slow Crack Growth’ Plastics Pipes XIII Conference, 2007,
it is advantageous to preferentially polymerize the portion of higher molecular weight in order to obtain better dispersion
of the portion throughout overall resin, in a multi-stage process for preparing ethylene copolymer with multi-modal
molecular weight distribution.
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[0063] Density of the polymer produced from stage (a) is from 0.860 to 0.925 g/cm3, more preferably from 0.880 to
0.915 g/cm3. If the density is lower than 0.860 g/cm3, the film prepared would have poor physical properties. If it exceeds
0.925 cm3, the film would be too stiff. The polymer prepared from stage (a) would be resin having low density range.
This is to improve the physical properties of finally produced resin by synthesizing resin with uniform copolymerization
comonomer distribution in the polymer chain by means of transition metal catalyst with single site, differently from Ziegler-
Natta catalyst which provides heterogeneous copolymer distribution in the polymer chain.
[0064] On the other hand, the polymer prepared from stage (b) is contained in an amount of 30∼90% by weight, more
preferably 40∼80% by weight. If the polymer content from stage (b) is lower than 30% by weight, processibility of final
resin (owing to the high molecular weight, low density ethylene copolymer prepared from stage (a)) and transparency
of the film become poor. If the content exceeds 90% by weight, content of the polymer prepared from stage (a) (which
provides good physical properties) becomes low, thereby resulting in lowered environmental resistance, impact strength,
tensile strength of the resin.
[0065] Molecular weight of the polymer prepared from stage (b), which is based on measurement of MI (melt index)
according to ASTM D2839, is MI of 0.1 to 100.0 g/10 min, more preferably from 0.3 to 50.0 g/10 min. If MI of the polymer
prepared from stage (b) is less than 0.1 g/10 min, the molecular weight range is overlapped with the polymer prepared
from stage (a), so that the molecular weight distribution would not be broad enough to achieve advantage of multi-stage
reaction. If it exceeds 100 g/10 min, the physical properties would become poor because of low molecular weight.
[0066] Density of the polymer produced from stage (b) is preferably from 0.900 to 0.970 g/ cm3. If the density is lower
than 0.900 g/cm3, the density is covered by the density range of the polymer prepared from stage (a), so that the effect
of stepwise polymerization would be eliminated. If it exceeds 0.970 cm3, it would be troublesome because the film
prepared therefrom is too stiff. Thus, the density range of the polymer prepared from stage (a) and that of the polymer
from stage (b) should be adjusted to optimize the physical properties of the resin.
[0067] The ethylene copolymer prepared according to the inventive process include linear low density polyethylene
copolymer (LLDPE) having the density of 0.910∼0.940 g/cm 3, and very low density polyethylene copolymer (VLDPE or
ULDPE) having the density of 0.900∼0.910 g/cm3.
[0068] The ethylene copolymer prepared according to the inventive process has the molecular weight distribution
index of 2.8∼30.0.
[0069] The present invention is designed to improve processibility of ethylene copolymer prepared by using conven-
tional single site catalyst (characterized by narrow molecular weight distribution), due to bimodal molecular weight
distribution of the polymer through the multi-stage reaction process. For this, the molecular weight distribution index
(weight average molecular weight divided by number average molecular weight) of the ethylene copolymer prepared by
using the process and catalyst according to the invention is controlled to be in the range from 2.8 to 30.0, in order to
improve processibility as well as physical properties.
[0070] Thus, the ethylene copolymers prepared through stage (a) and (b) described above may be those having the
molecular weight distribution index of 2.8∼3.0, preferably 3.0∼20. When the molecular weight distribution index is within
the range, processibility or physical properties of ethylene copolymer can be suitably controlled as desired. If the molecular
weight distribution index is less than 2.8, there would be no significant difference when using a single reactor and single
site catalyst. If it exceeds 30.0, effect of controlling density and molecular weight distribution index disappears to result
in poor improvement in processibility or physical properties.
[0071] According to the present invention, ethylene and C3-C18 α-olefin comonomer (which are fed to stage (a) or
(b)) are dissolved in solvent before being fed to the reactor. Before mixing and dissolving, ethylene, comonomer and
solvent are subjected to purification process to remove impurities including moisture, oxygen, carbon monoxide and
other metallic impurities (which may act as potential catalyst poison). Substances to be used in such purification include
molecular sieves, activated aluminum, and silica gel as well known in the corresponding field.
[0072] The substances to be incorporated to stage (a) and (b) are cooled or heated through heat exchange process
before feeding. The temperature inside the reactor is controlled through this process. Thus, temperature control of the
reactor is an adiabatic reactor process without heat exchange through the reactor wall. Control of reaction heat alters
the temperature of solvent stream into the reactor and that of the monomer flow.
[0073] After stage (b), ethylene, comonomer, catalyst or solvent may be additionally fed according to the invention.
Temperature of these components is also controlled to predetermined temperature via heat exchange. In general, catalyst
is fed separately from other substances, preferably being previously mixed or dissolved with/in solvent.
[0074] Molecular weight and density of the stage are analyzed after stage (b) [when the polymer is prepared via two-
or multi-stage reaction]; or physical properties of polymers prepared via further stages are analyzed by sampling the
resin after stage (a), and those of finally produced polymer after stage (b) are analyzed, so that density, molecular weight
of the polymers, are calculated in every stage.
[0075] For measuring physical properties, they can be analogized by the physical properties of the polymer obtained
by carrying out the reaction of each stage in a single reactor under identical polymerization condition (such as temperature
and pressure, solvent, reactants, catalyst and reaction time). Otherwise, physical properties of the polymer synthesized
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in each stage can be analyzed by sampling and analyzing samples in the reactor of each stage in the multi-stage reaction.
[0076] In the meanwhile, residence time in stage (a) or (b) is determined by the designed volume and output per time
for each stage. In order to maintain the operation condition with homogeneity of the substances, appropriate stirring is
required for stage (a) and (b). Finally prepared ethylene polymer or ethylene copolymer is recovered through appropriate
process for removing solvent.

Advantageous Effects of Invention

[0077] The ethylene copolymers having multi-modal molecular weight distribution according to the present invention,
which is prepared via multi-stage synthesis of ethylene or α-olefin, show the effect of improved physical properties as
well as processibility.
[0078] The process according to the invention provides high productivity and various usage with overcoming the
disadvantages resulted from blending with other polymer(s).
[0079] From the ethylene copolymers prepared via stages (a) and (b), obtained can be molded articles used as blown
film, casting film, injection molding, blow molding or pipe.
[0080] The film can be formed as blown film or casting film to provide mono-layer or multilayer film for package. They
can be applied to the use for shrinkage film, film for heavy package, film for freeze package, film for automatic package,
stretch wrap, or bags.

Brief Description of Drawings

[0081] The above and other objects, features and advantages of the present invention will become apparent from the
following description of preferred embodiments given in conjunction with the accompanying drawings:

Fig. 1 is a schematic view of reactors in series in accordance with a preferable embodiment of the present invention.
Fig. 2 is a schematic view of reactors in parallel in accordance with a preferable embodiment of the present invention.
Fig. 3 shows the molecular weight distribution curve of ethylene copolymer in accordance with Example 2 of the
present invention.

[Detailed Description of Main Elements]

[0082]

11: feed pump of stage-1 reactor
12: feed cooler of stage-1 reactor
13: feed heater of stage-1 reactor
14: stage-1 low-temperature reactor
15: catalyst feed of stage-1 low-temperature reactor
16: stage-2 high-temperature reactor connected in series
17: catalyst feed of stage-2 high-temperature reactor
18: feed pump of stage-2 reactor
19: feed cooler of stage-2 reactor
20: feed heater of stage-2 reactor
21: feed of stage-2 reactor
22: hydrogen feed
31: feed pump of low-temperature reactor
32: feed pump of high-temperature reactor
33: feed cooler of low-temperature reactor
34: feed heater of low-temperature reactor
35: feed cooler of high-temperature reactor
36: feed heater of high-temperature reactor
37: low-temperature reactor
38: catalyst feed of low-temperature reactor
39: catalyst feed of high-temperature reactor
40: high-temperature reactor
41: in-line mixer
42: feed of stage-2 reactor
43: hydrogen feed



EP 2 324 067 B1

16

5

10

15

20

25

30

35

40

45

50

55

Best Mode for Carrying out the Invention

[0083] Hereinafter, the present invention will be described in detail with reference to Examples.
[0084] Unless being stated otherwise, all experiments for synthesizing the ligands and catalysts were carried out under
nitrogen atmosphere with standard Schlenk or glove-box technique, and the organic solvents were used after they had
been dried via reflux over sodium metal and benzophenone, and then distilled immediately before use. 1H-NMR analyses
of the ligands and catalysts thus synthesized were performed by using Varian Mercury 300 MHz Spectrometer at ambient
temperature.
[0085] As the solvent for polymerization, cyclohexane was passed through a tube filled with Q-5 catalyst (from BASF),
silica gel and activated alumina, sequentially, and bubbled by nitrogen with high purity to sufficiently remove moisture,
oxygen and other catalyst poison.
[0086] By using the polymer thus obtained, prepared was film processed with a blown film molding device and casting
molding device. The polymers and film thus obtained were analyzed by the methods described below.

1. Melt flow index (MI)

[0087] MI was measured according to ASTM D 2839.

2. Density

[0088] Density was measured by using density gradient column, according to ASTM D 1505.

3. Analysis of melting temperature (Tm)

[0089] Tm was measured under 2nd heating condition at a rate of 10°C/min in the presence of nitrogen atmosphere,
by means of Dupont DSC2910.

4. Molecular weight and molecular weight distribution

[0090] Molecular weight was measured at 135°C at a rate of 1.0 mL/min in the presence of 1,2,3-trichlorobenzene
solvent by using PL210 GPC equipped with PL Mixed-BX2+preCol. Molecular weight was calibrated by using PL poly-
styrene standards.

5. Tensile strength

[0091] Tensile strength was measured according to ASTM D638.

6. Impact strength

[0092] Impact strength was measured according to ASTM D1709.

7. Haze

[0093] Haze was measured according to ASTM D1003.

8. Heat seal

[0094] Ethylene copolymers obtained from Examples and Comparative Examples were processed into film. Two sheets
of the film are overlapped and adhered under a pressure of 2 kgf/cm2 for 1 second at a certain temperature. Tensile
strength of the adhered sample was measured. If it is not less than 1,500 g, the temperature at the adhesion was
determined as the heat seal. Thus, the lower the value, the less energy consumed, with showing high strength at the
time of use after adhering process.

9. Processing load

[0095] While a product is processed by means of an extruder with 35 mm of diameter, current value applied to the
extruder motor was measured as the processing load.
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10. Physical property of pipe

[0096] In order to determine suitability and advantage of the produced resin for use as pipe, the resin was processed
into pipe (outer diameter = 16 mm, thickness = 1.45 mm), and resistance to slow crack growth was measured according
to ISO 13479.
[0097] All procedures relevant to Examples were carried out by means of continuous solution polymerization process
as described below. In the process, flow of any solvent, monomer, or catalyst was continuously provided. The reaction
products including polymers, isolated solvent and unreacted substances were also removed continuously. All feed flows
were passed through conventionally known adsorption media before being fed into the reactor to increase purity. During
this procedure, impurities (water, oxygen, or carbon monoxide) as catalyst poison are removed. All starting materials
are stored and used under nitrogen atmosphere of high purity.
[0098] The polymerization process according to the invention is carried out in two reactors sequentially connected in
series, or in two reactors connected in parallel. In case of connection in series, a first reactor has inner volume of 500
mL, and sequentially connected to a second reactor of volume of 1000 mL through pipe. In case of connection in parallel,
a 500 mL reactor is connected to a 650 mL reactor. Each reactor is designed so that solvent, monomers, comonomers,
hydrogen and catalyst may be fed into it.
[0099] Catalyst to be fed to the reactor according to the invention is catalyst composition containing single site catalyst
represented by Chemical Formula (1), and the catalyst is commonly applied to reactions in the first and second stages
of all Examples.
[0100] As cocatalyst, a boron-containing ion activator and an alkylaluminium compound are used according to the
present invention. Specifically, triisobutylaluminum was optionally used as alkylaluminium and triphenylmethyliniumtet-
rakispentafluorophenyl borate as ion activator, in the Examples. Catalyst and cocatalyst were fed to the first and second
reactor as their solution dissolved in toluene.
[0101] The polymerization process according to the invention is carried out in cyclohexane solvent under pressure of
110 kgf/cm2. Ethylene is dissolved in cyclohexane, prior to be fed to the polymerization reactor, at a temperature of 23°C
under a pressure of 30 kg f/cm2. Comonomer, together with ethylene, is also dissolved in solvent prior to be fed to the
polymerization reactor. As the reaction proceeds, ethylene conversion is controlled by means of catalyst concentration,
reaction temperature, and catalytic activity.

Preparation of catalyst

[Preparation Example 1]

Synthesis of bis(2-phenyl-4-fluorophenoxy)(pentamethylcyclopentadienyl)titanium (IV) chloride

[0102] In diethyl ether (80 mL), dissolved was 2-phenyl-4-fluorophenol (1.90 g, 10.09 mmol), and butyl lithium (4.8
mL) (in 2.5 M hexane) was slowly added dropwise thereto at 0°C. After reacting for 5 hours at ambient temperature,
solution of (trichloro)(pentamethylcyclopentadienyl)titanium (IV) (1.64 g, 5.5 mmol) in 10 mL of diethyl ether was slowly
added dropwise thereto at -78°C. The mixture was stirred at ambient temperature for 12 hours, and filtered and evaporated
to remove volatiles. Recrystallization from toluene/hexane mixture at -35°C gave orange solid (2.54 g).
Yield: 85%
1H NMR (C6D6) δ= 1.46 (s, 15H), 6.65 ∼ 7.57 (m, 8H).

[Preparation Example 2]

Synthesis of bis(4-methyl-2-(2’-isopropylphenyl)phenoxy)(pentamethylcyclopentadienyl)titanium (IV) chloride

[0103] In toluene (20 mL), dissolved were 4-methyl-2-(2’-isopropylphenyl)phenol (2 g, 8.8 mmol) and sodium hydride
(636 mg, 26.5 mmol), and the mixture was reacted under reflux for 4 hours. Then the reaction mixture was cooled to
ambient temperature, and solution of (pentamethylcyclopentadienyl)titanium (IV) trichloride (1.15 g, 4.0 mmol) dissolved
in 5 mL of toluene was slowly added dropwise thereto. The resultant mixture was reacted under reflux for 24 hours.
When the reaction was completed, volatile substances were removed and the residue was washed with purified hexane.
Recrystallization from hexane at -35°C, and drying under reduced pressure gave orange solid (1.65 g).
Yield 61%
1H NMR (C6D6) δ= 0.96-1.07 (m, 6H), 1.54 (s, 15H), 1.72 (s, 3H), 2.76 (m, 1H), 6.76-7.27 (m, 7H) ppm
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[Preparation Example 3]

Synthesis of bis(2-phenylphenoxy)(pentamethylcyclopentadienyl)titanium (IV) chloride

[0104] In a dry flask, 2-phenylphenol (1.72 g, 10.1 mmol, Aldrich 99%) was dissolved in 40 mL of toluene. The solution
was cooled to 0°C with thorough stirring, and n-butyllithium (4.8 mL, 2.5 M in hexane, Aldrich) was slowly added thereto.
After maintaining the temperature for 1 hour, solution of pentamethylcylcopentadienyl titanium trichloride (1.64 g, 55
mmol) dissolved in 10 mL of toluene was slowly added thereto. After maintaining the temperature for 1 hour, the tem-
perature was raised to ambient temperature, and the reaction mixture was stirred for additional 1 hour. The temperature
of the reactor was raised to 90°C, and reaction was carried out for 12 hours. The mixture was filtered, evaporated to
remove volatiles, and recrystallized from toluene/hexane mixed solvent at -35°C to obtain orange solid (2.3 g).
Yield: 75%
1H NMR (C6D6) δ = 1.54 (s, 15H), 6.74∼7.16 (m, 9H) ppm

[Preparation Example 4]

Synthesis of 2-isopropyl-6-phenylphenol

[0105] In a flask charged with 2-bromo-6-isopropylanisole (1.98 g, 8.64 mmol), phenylboronic acid (2.10 g, 17.28
mmol), palladium acetate (96 mg, 0.43 mmol), triphenylphosphine (0.225 g, 0.86 mmol) and potassium phosphate (11
g, 51.84 mmol), mixture of water (8 mL) and dimethoxyethane (32 mL) was added, and the resultant mixture was heated
under reflux for 12 hours. After cooling to ambient temperature, aqueous ammonium chloride (15 mL) and diethyl ether
(30 mL) were charged thereto. The organic layer was isolated, and the residue was extracted with diethyl ether. Combined
organic layer was dried over magnesium sulfate, and evaporated to remove the volatiles to obtain 2-isopropyl-6-pheny-
lanisole as grey solid (2 g). The anisole obtained (without further purification) was dissolved in methylene chloride (15
mL), and 12 mL of boron tribromide solution (1 M in methylene chloride) was added dropwise thereto at -78°C. Reaction
was carried out for 12 hours while slowly raising the temperature to ambient temperature. When the reaction was
completed, mixture of water (15 mL) and diethyl ether (30 mL) was added thereto. After isolating the organic layer, the
aqueous layer was extracted with diethyl ether (15 mL x 3). The combined organic layer was dried, and evaporated
under reduced pressure to remove the volatiles. The residue was purified via silica gel column by using mixed solvent
of hexane and methylene chloride to obtain 2-isopropyl-6-phenylphenol (1.72 g) as white solid.
Yield: 94%
1H-NMR (CDCl3) δ = 1.307 (d, 6H), 3.45 (m, 1H), 5.09 (s, 1H), 6.95-7.43 (m, 8H) ppm

Synthesis of (dichloro)(pentamethylcyclopentadienyl)(2-isopropyl-6-phenylphenoxy)titanium (IV)

[0106] Solution of 2-isopropyl-6-phenylphenol (700 mg, 3.28 mmol) and sodium hydride (236 mg, 9.84 mmol) in toluene
(10 mL) was subjected to reaction under reflux for 4 hours. Then, the mixture was cooled to ambient temperature, and
solution of (trichloro)(pentamethylcyclopentadienyl)titanium (IV) (930 mg, 3.21 mmol) dissolved in toluene (5 mL) was
slowly added dropwise thereto. The resultant mixture was reacted under reflux for 24 hours. When the reaction was
completed, volatile substances were removed therefrom, and the residue was washed with purified hexane. Recrystal-
lization from toluene/hexane mixed solvent at -35°C, followed by filtration and drying under reduced pressure gave red
solid (1.0 g).
Yield: 64%
1H-NMR (C6D6) δ = 1.324 (d, 6H), 1.63 (s, 15H), 3.53 (m, 1H), 7.05-7.66 (m, 8H) ppm

[Preparation Example 5]

Synthesis of 2-biphenylphenol

[0107] In a flask charged with 2-bromoanisole (1.62 g, 8.64 mmol), 4-biphenylboronic acid (2.57 g, 12.96 mmol),
palladium acetate (96 mg, 0.43 mmol), triphenylphosphine (0.225 g, 0.86 mmol) and potassium phosphate (11 g, 51.84
mmol), mixture of water (8 mL) and dimethoxyethane (32 mL) was added, and the resultant mixture was heated under
reflux for 12 hours. After cooling to ambient temperature, aqueous ammonium chloride (15 mL) and diethyl ether (30
mL) were charged thereto. The organic layer was isolated, and the residue was extracted with diethyl ether. Combined
organic layer was dried over magnesium sulfate, and evaporated to remove the volatiles to obtain 2-biphenylanisole as
grey solid (2.0 g). The anisole obtained (without further purification) was dissolved in methylene chloride (15 mL), and
12 mL of boron tribromide solution (1 M in methylene chloride) was added dropwise thereto at -78°C. Reaction was
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carried out for 12 hours while slowly raising the temperature to ambient temperature. When the reaction was completed,
mixture of water (15 mL) and diethyl ether (30 mL) was added thereto. After isolating the organic layer, the aqueous
layer was extracted with diethyl ether (15 mL x 3). The combined organic layer was dried, and evaporated under reduced
pressure to remove the volatiles. The residue was purified via silica gel column by using mixed solvent of hexane and
methylene chloride to obtain 2-biphenylphenol (1.8 g) as white solid.
Yield: 85%
1H-NMR (CDCl3) δ = 5.29 (s, 1H), 6.95-7.75 (m, 13H) ppm

Synthesis of (dichloro)) (2-biphenylphenoxy)titanium (IV)

[0108] Solution of 2-biphenylphenol (700 mg, 2.84 mmol) and sodium hydride (204 mg, 8.52 mmol) in toluene (10 mL)
was subjected to reaction under reflux for 4 hours. Then, the mixture was cooled to ambient temperature, and solution
of (trichloro)(pentamethylcyclopentadienyl)titanium (IV) (820 mg, 2.83 mmol) dissolved in toluene (5 mL) was slowly
added dropwise thereto. The resultant mixture was reacted under reflux for 24 hours. When the reaction was completed,
volatile substances were removed therefrom, and the residue was washed with purified hexane. Recrystallization from
toluene/hexane mixed solvent at -35°C, followed by filtration and drying under reduced pressure gave red solid (0.9 g).
Yield: 64%
1H-NMR (C6D6) δ = 1.65 (s, 15H), 6.65-7.89 (m, 13H) ppm

[Preparation Example 6]

Synthesis of (dichloro)(pentamethylcyclopentadienyl)(2-9’,9"-dimethylfluorene-2’-yl)phenoxy)titani um (IV)

Synthesis of 2-bromo-9,9’-dimethylfluorene

[0109] A 1000 mL three-necked round-bottomed flask was charged with 2-bromofluorene (25 g, 102.0 mmol), io-
domethane (43.4 g, 306.0 mmol) and DMSO (300 mL), and the mixture was stirred under nitrogen atmosphere to obtain
complete dissolution. Solution of potassium-tert-butoxide (32.1 g, 285.6 mmol) dissolved in DMSO (400 mL) was slowly
added dropwise thereto. After stirring at ambient temperature for 12 hours, stirring was continued at 80°C for 1 hour.
The temperature was lowered again to ambient temperature, and the reaction mixture was mixed with water (1000 mL),
and extracted with n-hexane. The organic mixture was washed three times with distilled water, and dried over anhydrous
magnesium sulfate (MgSO4) to remove moisture. After evaporation of solvent by using a rotary evaporator, the residue
was purified via silica gel column chromatography by using n-hexane. Recrystallization from n-haxane gave 2-bromo-
9,9’-dimethylfluorene (27.0 g, yield: 96.9%) as white solid.
1H-NMR (CDCl3) δ= 1.65(s, 6H), 7.35-7.39(m, 2H), 7.44-7.50(m, 2H), 7.58-7.62(m, 2H), 7.72-7.73(m, 1H) ppm

Synthesis of 2-(2"-methoxyphenyl)-9,9’-dimethylfluorene

[0110] In a flask charged with 2-bromo-9,9’-dimethylfluorene (27.0 g, 98.8 mmol), 2-methoxyphenylboronic acid (18.0
g, 118.6 mmol), palladium acetate (0.13 g, 0.6 mmol), triphenylphosphine (0.94 g, 3.6 mmol) and potassium phosphate
(40.9 g, 177.9 mmol), mixture of water (70 mL) and dimethoxyethane (150 mL) was added, and the resultant mixture
was heated under reflux for 6 hours. After cooling to ambient temperature, aqueous ammonium chloride (150 mL) and
diethyl ether (200 mL) were charged thereto. The organic layer was isolated, and the residue was extracted with diethyl
ether. Combined organic layer was dried over magnesium sulfate, and evaporated to remove the volatiles. Purification
via silica gel column chromatography (eluent: hexane) gave 2-(2"-methoxyphenyl)-9,9’-dimethylfluorene (28.0 g, yield:
94.0%) as solid product.
1H-NMR (CDCl3) δ= 1.56(s, 6H), 3.88(s, 3H), 7.04-7.06(d, 1H), 7.08-7.11(t, 1H), 7.33-7.39(m, 3H), 7.43-7.45(d, 1H),
7.47-7.48(d, 1H), 7.56-7.58(d, 1H), 7.63(s, 1H), 7.76-7.840(t, 2H) ppm

Synthesis of 2-(9’.9"-dimethylfluoren-2’-yl)phenol

[0111] In methylene chloride (400 mL), dissolved was 2-(2"-methoxyphenyl)-9,9’-dimethylfluorene (25.0 g, 83.2 mmol),
and 100 mL of boron tribromide solution (1 M in methylene chloride) was added dropwise thereto at - 78°C. Reaction
was carried out for 3 hours while slowly raising the temperature to ambient temperature. When the reaction was completed,
mixture of ice (150 g) and diethyl ether (300 mL) was added thereto. After isolating the organic layer, the aqueous layer
was extracted with diethyl ether. The combined organic layer was dried over magnesium sulfate, and evaporated to
remove the volatiles. The residue was purified via silica gel column chromatography by using mixed solvent of hexane
and methylene chloride to obtain 2-(9’,9"-dimethylfluoren-2’-yl)phenol (18.0 g, yield: 75.5%) as white solid.
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1H-NMR (CDCl3) δ= 1.55(s, 6H), 7.04-7.07(m, 2H), 7.30-7.40(m, 4H), 7.47-7.50(m, 2H), 7.55(s, 1H), 7.78-7.80 (d, 1H),
7.85-7.87(d, 1H) ppm

Synthesis of (dichloro)(pentamethylcyclopentadienyl)(2-(9’,9"-dimethylfluoren-2’-yl)phenoxy)titani um (IV)

[0112] To solution of 2-(9’,9"-dimethylfluoren-2’-yl)phenol (5.0 g, 17.1 mmol) dissolved in 200 mL of toluene, n-butyl-
lithium (2.5 M in hexane, 6.9 mL) was slowly injected at - 78°C. After stirring the mixture at ambient temperature for 12
hours, the reaction mixture was chilled to -78°C, and solution of (pentamethylcyclopentadienyl)titanium(IV) trichloride
(4.7 g, 16.3 mmol) dissolved in 100 mL of toluene was slowly added thereto, and the reaction was continued at ambient
temperature for 12 hours. When the reaction was completed, the reaction mixture was filtered through celite, and the
solvent was removed. Recrystallization from purified toluene and hexane at -35°C, followed by filtration and drying under
reduced pressure gave (dichloro)(pentamethylcyclopentadienyl)(2-(9’,9"-dimethylfluoren-2’-yl)phenoxy)titani um(IV)
(5.6 g)(yield: 63.9%) as red solid.
1H-NMR (C6D6) δ = 1.61(s, 6H), 1.77(s, 15H), 7.03-7.05(t, 1H), 7.16-7.19(t, 1H), 7.32-7.34(m, 2H), 7.37-7.39(d, 1H),
7.42-7.44(d, 1H), 7.46-7.47(d, 1H), 7.71-7.77(m, 3H), 7.82-7.84(d, 1H) ppm
Mass (APCI mode, m/z): 539.4

[Preparation Example 7]

Synthesis of (chloro)(pentamethylcyclopentadienyl)(bis(2-(9’,9"-dimethylfluoren-2’-yl)phenoxy))tit anium(IV)

[0113] To solution of 2-(9’,9"-dimethylfluoren-2’-yl)phenol (5.0 g, 17.1 mmol) dissolved in 200 mL of toluene, n-butyl-
lithium (2.5 M in hexane, 6.9 mL) was slowly injected at - 78°C. After stirring the mixture at ambient temperature for 12
hours, the reaction mixture was chilled to -78°C, and solution of (pentamethylcyclopentadienyl)titanium(IV) trichloride
(2.3 g, 8.0 mmol) dissolved in 100 mL of toluene was slowly added thereto, and the reaction was continued at 80°C for
12 hours. When the reaction was completed, the reaction mixture was filtered through celite, and the solvent was
removed. Recrystallization from purified toluene and hexane at -35°C, followed by filtration and drying under reduced
pressure gave (chloro)(pentamethylcyclopentadienyl)(bis(2-(9’,9"-dimethylfluoren-2’-yl)phenoxy)tita nium(IV) (3.5
g)(yield: 55.8%) as orange solid.
1H-NMR (C6D6) δ = 1.54(s, 6H), 1.61(s, 6H), 1.65(s, 15H), 7.01-7.04(t, 2H), 7.21-7.24(t, 2H), 7.33-7.36(m, 4H), 7.39-7.41
(t, 4H), 7.44-7.46(m, 2H), 7.65(s, 2H), 7.73-7.757(t, 2H), 7.82-7.88(m, 4H) ppm
Mass (APCI mode, m/z): 789.3

[Preparation Example 8]

Synthesis of (dichloro)(pentamethylcyclopentadienyl)(2-(9’H-fluoren-2’-yl)phenoxy)titanium(IV)

Synthesis of 2-(2’-methoxyphenyl)9H-dimethylfluorene

[0114] In a flask charged with 2-bromo-9H-fluorene (10.0 g, 40.8 mmol), 2-methoxyphenylboronic acid (7.4 g, 49.0
mmol), palladium acetate (0.055 g, 0.245 mmol), triphenylphosphine (0.44 g, 1.4 mmol) and potassium phosphate (2.0
g, 95.5 mmol), mixture of water (33 mL) and dimethoxyethane (100 mL) was added, and the resultant mixture was heated
under reflux for 6 hours. After cooling to ambient temperature, aqueous ammonium chloride (100 mL) and diethyl ether
(150 mL) were charged thereto. The organic layer was isolated, and the residue was extracted with diethyl ether.
Combined organic layer was dried over magnesium sulfate, and evaporated to remove the volatiles. Purification via
silica gel column chromatography (eluent: hexane) gave 2-(2’-methoxyphenyl)-9H-dimethylfluorene (10.0 g, yield: 90.0%)
as solid product.
1H-NMR (CDCl3) δ = 3.87(s, 3H), 3.98(s, 2H), 7.04-7.05(d, 1H), 7.07-7.10(t, 1H), 7.32-7.42(m, 4H), 7.57-7.59(d, 2H),
7.74(s, 1H), 7.83-7.86(t, 2H) ppm

Synthesis of 2-(9’H-fluoren-2’-yl)phenol

[0115] In methylene chloride (200 mL), dissolved was 2-(2’-methoxyphenyl)-9H-dimethylfluorene (10.0 g, 36.7 mmol),
and 44 mL of boron tribromide solution (1 M in methylene chloride) was added dropwise thereto at -78°C. Reaction was
carried out for 3 hours while slowly raising the temperature to ambient temperature. When the reaction was completed,
mixture of ice (150 g) and diethyl ether (200 mL) was added thereto. After isolating the organic layer, the aqueous layer
was extracted with diethyl ether. The combined organic layer was dried over magnesium sulfate, and evaporated to
remove the volatiles. The residue was purified via silica gel column chromatography by using mixed solvent of hexane
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and methylene chloride to obtain 2-(9’H-fluoren-2’-yl)phenol (7.0 g, yield: 73.8%) as white product.
1H-NMR (CDCl3) δ= 3.96(s, 2H), 7.00-7.02(m, 2H), 7.25-7.35(m, 3H), 7.39-7.42(t, 1H), 7.47-7.49(d, 1H), 7.56-7.58(d,
1H), 7.64(s, 1H), 7.81-7.83(d, 1H), 7.88-7.89(d, 1H) ppm

Synthesis of (dichloro)(pentamethylcyclopentadienyl)(2-(9’H-fluoren-2’-yl)phenoxy)titanium(IV)

[0116] To solution of 2-(9’H-fluoren-2’-yl)phenol (4.4 g, 17.0 mmol) dissolved in 200 mL of toluene, n-butyllithium (2.5
M in hexane, 6.9 mL) was slowly injected at -78°C. After stirring the mixture at ambient temperature for 12 hours, the
reaction mixture was chilled to -78°C, and solution of (pentamethylcyclopentadienyl)titanium(IV) trichloride (4.7 g, 16.3
mmol) dissolved in 100 mL of toluene was slowly added thereto, and the reaction was continued at ambient temperature
for 12 hours. When the reaction was completed, the reaction mixture was filtered through celite, and the solvent was
removed. Recrystallization from purified toluene and hexane at -35°C, followed by filtration and drying under reduced
pressure gave (dichloro)(pentamethylcyclopentadienyl)(2-(9’H-fluoren-2’-yl)phenoxy)titanium(IV) (5.9 g)(yield: 71.0%)
as red solid.
1H-NMR (C6D6) δ= 1.72(s, 15H), 3.94(s, 2H), 7.05-7.18(m, 2H), 7.36-7.38(m, 2H), 7.44-7.46(m, 2H), 7.48-7.50 (d, 1H),
7.65-7.66(d, 1H), 7.81-7.82(d, 1H), 7.86-7.87(d, 1H), 7.98(1, 1H) ppm
Mass (APCI mode, m/z): 511.3

[Preparation Example 9]

Synthesis of (dichloro)(pentamethylcyclopentadienyl)(1-phenylnaphthalen-2-yloxy)titanium(IV)

Synthesis of 1-bromo-2-methoxynaphthalene

[0117] A 500 mL three-necked round-bottomed flask was charged with 1-bromonaphthalen-2-ol (30.0 g, 134.5 mmol),
potassium hydroxide (KOH) (11.3 g, 201.7 mmol) and DMSO (300 mL), and the mixture was stirred under nitrogen
atmosphere for 10 minutes. After cooling the mixture by using ice-water bath, iodomethane (28.6 g, 201.7 mmol) was
slowly added dropwise thereto. Then, the resultant mixture was stirred under nitrogen atmosphere at ambient temperature
for 12 hours, and then at 50°C for 1 hour. After cooling to ambient temperature, the reaction mixture was mixed with
water (500 mL), and extracted with diethyl ether. Organic mixture was washed three times with distilled water, and dried
over anhydrous magnesium sulfate (MgSO4). After removing the solvent by using a rotary evaporator, the residue was
purified via silica gel column chromatography (eluent: n-hexane) to obtain 1-bromo-2-methoxynaphthalene (22.0 g, yield:
69.0%) as white solid.
1H-NMR (CDCl3) δ= 4.07(s, 3H), 7.30-7.32(d, 1H), 7.41-7.44(t, 1H), 7.58-7.61(t, 1H), 7.81-7.86(m, 2H), 8.25-8.26 (d,
1H) ppm

Synthesis of 2-methoxy-1-phenylnaphthalene

[0118] In a flask charged with 1-bromo-2-methoxynaphthalene (20.0 g, 84.4 mmol), phenylboronic acid (11.3 g, 92.8
mmol), palladium acetate (0.10 g, 0.46 mmol), triphenylphosphine (0.85 g, 2.78 mmol) and potassium phosphate (40.9
g, 177.9 mmol), mixture of water (60 mL) and dimethoxyethane (120 mL) was added, and the resultant mixture was
heated under reflux for 6 hours. After cooling to ambient temperature, aqueous ammonium chloride (150 mL) and diethyl
ether (200 mL) were charged thereto. The organic layer was isolated, and the residue was extracted with diethyl ether.
Combined organic layer was dried over magnesium sulfate, and evaporated to remove the volatiles. Purification via
silica gel column chromatography (eluent: hexane) gave 2-methoxy-1-phenylnaphthalene (13.0 g, yield: 66%) as color-
less liquid.
1H-NMR (CDCl3) δ= 3.87(s, 3H), 7.35-7.47(m, 6H), 7.52-7.55(m, 3H), 7.85-7.87(d, 1H), 7.91-7.93(d, 1H) ppm

Synthesis of 1-phenylnaphthalen-2-ol

[0119] In methylene chloride (300 mL), dissolved was 2-methoxy-1-phenylnaphthalene (13.0 g, 55.5 mmol), and 670
mL of boron tribromide solution (1 M in methylene chloride) was added dropwise thereto at -78°C. Reaction was carried
out for 3 hours while slowly raising the temperature to ambient temperature. When the reaction was completed, mixture
of ice (150 g) and diethyl ether (250 mL) was added thereto. After isolating the organic layer, the aqueous layer was
extracted with diethyl ether. The combined organic layer was dried over magnesium sulfate, and evaporated to remove
the volatiles. The residue was purified via silica gel column chromatography by using mixed solvent of hexane and
methylene chloride to obtain 1-phenylnaphthalen-2-ol (10.0 g, yield: 81.8%) as white solid.
1H-NMR (CDCl3) δ= 7.29-7.31(d, 1H), 7.35-7.39(m, 2H), 7.53-7.56(t, 1H), 7.61-7.64(t, 2H), 7.83-7.86 (m, 2H) ppm
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Synthesis of (dichloro)(pentamethylcyclopentadienyl)(1-phenylnaphthalen-2-yloxy)titanium (IV)

[0120] To solution of 1-phenylnaphthalen-2-ol (2.0 g, 9.1 mmol) dissolved in 100 mL of toluene, n-butyllithium (2.5 M
in hexane, 3.6 mL) was slowly injected at -78°C. After stirring the mixture at ambient temperature for 12 hours, the
reaction mixture was chilled to -78°C, and solution of (pentamethylcyclopentadienyl)titanium(IV) trichloride (2.5 g, 16.3
mmol) dissolved in 60 mL of toluene was slowly added thereto, and the reaction was continued at ambient temperature
for 12 hours. When the reaction was completed, the reaction mixture was filtered through celite, and the solvent was
removed. Recrystallization from purified toluene and hexane at -35°C, followed by filtration and drying under reduced
pressure gave (dichloro)(pentamethylcyclopentadienyl)(1-phenylnaphthalen-2-yloxy)titanium(IV) (2.5 g)(yield: 58.2%)
as red solid.
1H-NMR (C6D6) δ= 1.87(s, 15H), 7.27-7.32(m, 3H), 7.43-7.46(t, 2H), 7.58-7.60(m, 3H), 7.70-7.73(t, 1H), 7.92-7.94(t,
1H) ppm
Mass (APCI mode, m/z): 471.83

Example 1

[0121] As single site catalyst for stage-1 and stage-2 reactors connected in series, employed was bis (pentamethyl-
cyclopentadienyl) (2-phenyl-4-fluorophenoxy)titanium(IV) chloride prepared from Preparation Example 1. The amounts
of catalyst used in Examples and Comparative Examples are shown in Table 1 and 2. Ti represents single site catalyst,
Al represents triisobutylaluminum as cocatalyst, and B represents triphenylmethyliniumtetrakispentafluorophenyl borate.
Each catalyst was dissolved in xylene at a concentration of 0.2 g/L, 5.0 g/L or 1.5 g/L. For each reactor, ethylene feed
ratio was 4:6, and 1-octene was used as comonomer. However, the amount of ethylene to be fed to the stage-2 reactor
should be determined, when the conversion is low, as considering the amount of unreacted ethylene flowing into the
second reactor, in order to adjust the polymer density and molecular weight from the first reactor. Conversion of each
reactor can be estimated for individual reaction condition, through the reaction condition for polymerizing one type of
polymer, and temperature gradient in the reactor. In order to produce copolymer with relatively high MI in the second
reactor, an appropriate amount of hydrogen was injected to control the molecular weight. Furthermore, molecular weight
from each reactor may be controlled as a function of the reactor temperature and 1-octene content, of which the conditions
are shown in Table 1-1.
[0122] The ethylene copolymer thus prepared was extruded at barrel temperature of 160-170-170°C, and die temper-
ature of 175°C, to prepare blown film having thickness of 40 mm and width of 530 mm.

Example 2

[0123] Polymer was prepared in accordance with the procedure described in Example 1, but bis (2-phenylphenoxy)
(pentamethylcyclopentadienyl)titanium(IV) chloride synthesized from Preparation Example 3 dissolved in toluene at a
concentration of 0.2 g/L was incorporated as single site catalyst (the amount is shown in Table 1). Under the conditions
listed in Table 1-1, the polymer was produced with different amount of ethylene to be fed to each reactor, amount of 1-
octene as comonomer, and temperature of reactors.
[0124] Fig. 3 is a molecular weight distribution curve of ethylene copolymers in accordance with Example 2 of the
present invention. As referring to Fig. 3, it is confirmed that the polymer has broad molecular weight distribution since
the molecular weight distribution curve of ethylene copolymer in accordance with Example 2 of the invention shows
bimodal peaks (3.58).
[0125] The ethylene copolymer thus obtained was prepared as blown film under the same condition as in Example 1.

Example 3

[0126] Reaction was carried out by using two reactors connected in parallel. Solution of polymer and solvent from
each reactor was homogeneously mixed via an in-line mixer to prepare the polymer product. Bis(4-methyl-2-(2’-isopro-
pylphenyl)phenoxy)(pentamethylcyclopentadienyl)titanium(I V) chloride synthesized from Preparation Example 2 dis-
solved in toluene at a concentration of 0.2 g/L was added in an amount shown in Table 1-1, as single site catalyst. The
polymer was prepared by using different amount of ethylene fed to each reactor, amount of 1-octene as comonomer,
and temperature condition of the reactor, as listed in Table 1-1.
[0127] The ethylene copolymer thus obtained was prepared as blown film under the same condition as in Example 1.

Example 4

[0128] Polymer was prepared in accordance with the procedure described in Example 3, but the amounts of single
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site catalyst fed to the first and second reactors are as given in Table 1-1. The polymer was prepared with different
amounts of ethylene and 1-octene as comonomer, and temperature condition of the reactor, as listed in Table 1-1.
[0129] The ethylene copolymer thus prepared was extruded at barrel temperature of 160-180-200°C, and die temper-
ature of 230°C via film casting method, to prepare casting film having thickness of 40 mm and width of 445 mm.

Example 5

[0130] Polymer was prepared in accordance with the procedure described in Example 1, but (dichloro) (pentameth-
ylcyclopentadienyl)(2-isopropyl-6-phenylphenoxy)titanium(IV) synthesized from Preparation Example 4 dissolved in tol-
uene at a concentration of 0.2 g/L was incorporated to the first and second reactors as single site catalyst (the amounts
are shown in Table 1-1). Under the conditions listed in Table 1-1, the polymer was produced with different amount of
ethylene to be fed to each reactor, amount of 1-octene as comonomer, and temperature condition of reactors.
[0131] The ethylene copolymer thus obtained was prepared as casting film under the same condition as in Example 4.

Example 6

[0132] Polymer was prepared in accordance with the procedure described in Example 3, but (dichloro) (pentameth-
ylcyclopentadienyl) (2-biphenylphenoxy)titanium(IV) synthesized from Preparation Example 5 dissolved in toluene at a
concentration of 0.2 g/L was incorporated to the first and second reactors as single site catalyst (the amounts are shown
in Table 1-1). Under the conditions listed in Table 1-1, the polymer was produced with different amount of ethylene to
be fed to each reactor, amount of 1-octene as comonomer, and temperature condition of reactors.
[0133] The ethylene copolymer thus obtained was prepared as casting film under the same condition as in Example 4.

Example 7

[0134] Polymer was prepared in accordance with the procedure described in Example 1, but bis(2-phenylphenoxy)(pen-
tamethylcyclopentadienyl) titanium(IV) chloride synthesized from Preparation Example 3 dissolved in toluene at a con-
centration of 0.2 g/L was incorporated to the first and second reactors as single site catalyst (the amounts are shown in
Table 1-1). Under the conditions listed in Table 1-1, the polymer was produced with different amount of ethylene to be
fed to each reactor, amount of 1-octene as comonomer, and temperature condition of reactors.
[0135] The ethylene copolymer thus obtained was extruded by using a pipe extruder at the barrel temperature of
160-200-220°C and die temperature of 230°C at the line speed of 5 m/min to obtain pipe having outer diameter of 16
mm and thickness of 1.45 mm.

Example 8

[0136] Polymer was prepared in accordance with the procedure described in Example 1, but (dichloro)(pentamethyl-
cyclopentadienyl)(2-(9’,9"-dimethylfluoren-2’-yl)phenoxy)titani um(IV) synthesized from Preparation Example 6 dis-
solved in toluene at a concentration of 0.2 g/L was incorporated to the first and second reactors as single site catalyst
(the amounts are shown in Table 1-2). Under the conditions listed in Table 1-2, the polymer was produced with different
amount of ethylene to be fed to each reactor, amount of 1-octene as comonomer, and temperature condition of reactors.
[0137] The ethylene copolymer thus obtained was prepared as casting film under the same condition as in Example 4.

Example 9

[0138] Polymer was prepared in accordance with the procedure described in Example 1, but (chloro)(pentamethylcy-
clopentadienyl)(bis(2-(9’,9"-dimethylfluoren-2’-yl)phenoxy)tita nium(IV) synthesized from Preparation Example 7 dis-
solved in toluene at a concentration of 0.2 g/L was incorporated to the first and second reactors as single site catalyst
(the amounts are shown in Table 1-2). Under the conditions listed in Table 1-2, the polymer was produced with different
amount of ethylene to be fed to each reactor, amount of 1-octene as comonomer, and temperature condition of reactors.
[0139] The ethylene copolymer thus obtained was prepared as casting film under the same condition as in Example 4.

Example 10

[0140] Polymer was prepared in accordance with the procedure described in Example 1, but (dichloro)(pentamethyl-
cyclopentadienyl)(2-(9’H-fluoren-2’-yl)phenoxy)titanium(IV) synthesized from Preparation Example 8 dissolved in tolu-
ene at a concentration of 0.2 g/L was incorporated to the first and second reactors as single site catalyst (the amounts
are shown in Table 1-2). Under the conditions listed in Table 1-2, the polymer was produced with different amount of
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ethylene to be fed to each reactor, amount of 1-octene as comonomer, and temperature condition of reactors.
[0141] The ethylene copolymer thus obtained was prepared as casting film under the same condition as in Example 4.

Example 11

[0142] Polymer was prepared in accordance with the procedure described in Example 1, but (dichloro)(pentamethyl-
cyclopentadienyl)(1-phenylnaphthalen-2-yloxy)titanium(IV) synthesized from Preparation Example 9 dissolved in toluene
at a concentration of 0.2 g/L was incorporated to the first and second reactors as single site catalyst (the amounts are
shown in Table 1-2). Under the conditions listed in Table 1-2, the polymer was produced with different amount of ethylene
to be fed to each reactor, amount of 1-octene as comonomer, and temperature condition of reactors.
[0143] The ethylene copolymer thus obtained was prepared as casting film under the same condition as in Example 4.

Comparative Example 1

[0144] Polymer was prepared in a single reactor, and bis(4-methyl-2-(2’-isopropylphenyl)phenoxy)(pentamethylcy-
clopentadienyl)titanium(I V) chloride synthesized from Preparation Example 2 dissolved in toluene at a concentration of
0.2 g/L was used as single site catalyst (the amounts are shown in Table 2). Under the conditions listed in Table 2, the
polymer was produced with different amount of ethylene to be fed to the reactor, amount of 1-octene as comonomer,
and temperature condition of reactors. Physical properties, which were measured after processing the copolymer into
film, just as for the copolymers produced in Examples 1 to 3, are shown in Table 3.

Comparative Example 2

[0145] Polymer was prepared in accordance with the procedure described in Example 1, but (trimethyl)(pentameth-
ylcyclopentadienyltitanium(IV) dissolved in toluene at a concentration of 0.5 mol/mL was used for the first and second
reactors as single site catalyst (the amounts are shown in Table 2). Under the conditions listed in Table 2, the polymer
was produced with different amount of ethylene to be fed to each reactor, amount of 1-octene as comonomer, and
temperature condition of reactors.
[0146] Physical properties, which were measured after processing the copolymer into film, just as for the copolymers
produced in Examples 1 to 3, are shown in Table 3.

Comparative Example 3

[0147] Copolymer with 1-octene having monomodal molecular weight distribution (FT810 Grade commercially avail-
able from SK Energy). Physical properties, which were measured after processing the copolymer into film, just as for
the copolymers produced in Examples 1 to 3, are shown in Table 3.

Comparative Example 4

[0148] Copolymer with 1-octene having monomodal molecular weight distribution (FT810 Grade commercially avail-
able from SK Energy). Physical properties, which were measured after processing the copolymer into film, just as for
the copolymers produced in Examples 4 and 5, are shown in Table 3.

Comparative Example 5

[0149] Copolymer with 1-octene having monomodal molecular weight distribution (DX800 Grade commercially avail-
able from SK Energy). Physical properties, which were measured after processing the copolymer into pipe, just as for
the copolymers produced in Example 6, are shown in Table 3.

[Table 1-1]

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7

Total flow of solution (kg/h) 10.9 10.9 10.9 10.9 10.9 10.9 10.9

Ethylene ratio 4:6 4.5:5.5 3.4:6.6 3.5:6.5 2.5:7.5 4:6 4:6

Ratio of 1-octene to 
ethylene

1st Reactor 0.45 0.30 0.24 0.34 0.19 0.24 0.11

2nd Reactor 0.10 0.09 0.12 0.11 0.14 0.11 0.04
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(continued)

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7

Amount of Ti (mmol/kg) 1st Reactor 2.8 2.5 2.9 2.6 2.2 2.3 3.2

2nd Reactor 7.5 8.1 7.7 8.0 7.5 7.7 8.7

Al/Ti ratio 80 80 80 80 80 80 80

B/Ti ratio 3 3 3 3 3 2.5 3

Hydrogen feed to 2-d reactor (ppm) 3 7 3 7 6 9 8

Reaction temperatu re 1st Reactor 107 105 109 103 109 107 112
2nd Reactor 160 165 162 165 161 165 163

Polymer from 1st Reactor MI 0.05 0.02 0.06 0.06 0.02 0.04 0.01

Density 0.891 0.899 0.906 0.897 0.911 0.905 0.925

Polymer from 2nd 
Reactor

MI 0.99 1.01 0.99 2.70 2.99 3.15 0.71

Density 0.919 0.918 0.918 0.918 0.918 0.916 0.938

GPC of final ethylene 
copolymer

Number 
average MW

27800 26500 26900 24000 23700 21400 40000

Weight 
average MW

90900 94900 88800 81200 88200 73600 142000

MW distrib 
ution index

3.27 3.58 3.30 3.38 3.72 3.43 3.55

[Table 1-2]

Ex. 8 Ex. 9 Ex. 10 Ex. 11

Total flow of solution (kg/h) 10.9 10.9 10.9 10.9

Ethylene ratio 4:6 4.5:5.5 3.5:6.5 4:6

Ratio of 1-octene to ethylene 1st Reactor 0.27 0.24 0.29 0.21

2nd Reactor 0.11 0.13 0.08 0.14

Amount of Ti (mmol/kg) 1st Reactor 1.1 3.4 2.5 3.5

2nd Reactor 6.1 8.8 7.3 9.0

Al/Ti ratio 80 80 80 80

B/Ti ratio 3 3 3 3

Hydrogen feed to 2nd reactor (ppm) 4 5 3 5

Reaction temperature 1st Reactor 101 117 111 107

2nd Reactor 171 176 167 177

Polymer from 1st Reactor MI 0.03 0.10 0.07 0.05

Density 0.903 0.905 0.899 0.909

Polymer from 2nd Reactor MI 1.09 2.30 1.12 3.15

Density 0.914 0.916 0.917 0.915
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(continued)

Ex. 8 Ex. 9 Ex. 10 Ex. 11

GPC of final ethylene copolymer Number average MW 26100 24500 25700 21300

Weight average MW 89300 82100 84000 76900

MW distribution index 3.42 3.35 3.27 3.61

- Ethylene ratio = 1st reactor: 2nd reactor
- Ti: referring to Ti in single site catalyst
- Al: referring to triisobutylaluminum as cocatalyst
- B: referring to triphenylmethyliniumtetrakispentafluorophenyl borate as cocatalyst

[Table 2]

Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 Comp. Ex. 4 Comp. Ex. 5

Total flow of solution (kg/h) 10.9 10.9 - - -

Ethylene ratio 0:1 4:6 - - -

Ratio of 1-octene to 
ethylene

1st Reactor - 0.30 - - -

2nd Reactor 0.18 0.10 - - -

Amount of Ti (mmol/kg) 1st Reactor - 4.2 - - -

2nd Reactor 6.5 10.7 - - -

Al/Ti ratio 80 80 - - -

B/Ti ratio 3 3 - - -

Reaction temperature 1st Reactor 101 - - -

2nd Reactor 155 139

Polymer from 1st 
Reactor

MI - 0.9 - - -

Density 0.901 - - -

Polymer from 2nd 
Reactor

MI 1.02 1.45 1.0 2.00 0.64
Density 0.918 0.919 0.919 0.919 0.934

GPC of final ethylene 
copolymer

Number 
average 

MW

28200 25300 32000 26000 41500

Weight 
average 

MW

57800 74000 115000 93000 142000

MW 
distribution 

index

2.05 2.93 3.61 3.57 3.43

[Table 3]

Tensile strenghth 
(kg/cm2)

Impact strength 
(g)

Haze 
(%)

Min. heat seal 
(°C)

Processing load 
(Ampere)

Ex. 1 507 970 7.2 104 11.1

Ex. 2 512 1250 8.1 106 10.5

Ex. 3 525 890 10.3 108 10.8

Ex. 4 532 720 1.2 102 10.6
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[0150] Tables 1-1, 1-2 and 2 show the polymerization conditions and physical properties of polymers produced under
individual condition in Examples 1 to 11 and Comparative Examples 1 to 5. In Tables 1-1, 1-2 and 2, it was confirmed
that the polymer prepared by using single site catalyst in 2-stage reaction process showed broad molecular weight
distribution of 3 or more. A few limited examples of the catalysts according to the invention clearly show the features of
single site catalysts, in spite of some differences in degree of comonomer coupling and activity. It is found that the
copolymers prepared according to the process proposed by the invention show more excellent physical properties that
those of conventional products.
[0151] Table 3 shows the physical properties of films prepared in Examples 1 to 6, 8 to 11, and Comparative Examples
1 and 2. It is found that most of the physical properties of the films according to the invention were improved in spite of
similar level of MI and density. In particular, the processing load of the extruder was significantly decreased due to
broader molecular weight distribution, which would achieve saving of energy consumption and enhanced production
rate upon manufacturing.
[0152] In Examples 1, 2, 3, 8 and 10, and Comparative Example 2, resins synthesized by using different metallocene
catalysts through the same process were analyzed, and blown films processed therefrom were compared. The metal-
locene catalyst used in Comparative Example 2 does not fall under the scope of the metallocene catalyst according to
the present invention. The ethylene copolymer prepared through the first reactor by using the catalyst does not provide
high molecular weight resin at corresponding reaction temperature, and blown films thus prepared show large differences
in physical properties as compared to the resins from Examples 1, 2, 3, 8 and 10.
[0153] The effect of the present invention is revealed when comparing the blown film prepared according to the present
invention (Examples 1-3, 8, 10) to the film from conventional product (FN810 Grade from SK Energy) (Comparative
Example 3). Examples 1-3, 8 and 10 shows much improvement in terms of impact strength and heat seal, due to different
proportion of high molecular weight, low density section produced from Reactor.
[0154] In Examples 4, 5, 6, 9, 11, and Comparative Example 4, resins corresponding to representative MI and density
of casting film synthesized according to the process of the invention, and conventional product (FT810 Grade from SK
Energy) were subjected to polymer analysis, and tested in terms of physical properties after being processed as film.
[0155] Table 4 shows the test results of the pipe prepared from Example 7 and Comparative Example 5. In order to
examine the improvement in physical properties of pipe, measured was slow crack growth at 80°C according to ISO
13479, as described above. Polymers from Example 7 and from Comparative Example 5 were individually processed
as pipe having outer diameter of 16 mm and thickeness of 1.45 mm, and hoop stress of 5.5 MPa and 5.65 MPa,

(continued)

Tensile strenghth 
(kg/cm2)

Impact strength 
(g)

Haze 
(%)

Min. heat seal 
(°C)

Processing load 
(Ampere)

Ex. 5 519 710 1.6 106 10.3

Ex. 6 489 620 2.1 104 9.8
Ex. 8 527 950 6.7 106 10.6

Ex. 9 525 1080 1.2 108 9.8

Ex. 10 492 960 7.0 108 10.5

Ex. 11 488 930 1.4 107 9.8

Comp.Ex. 1 510 675 18.6 106 11.6

Comp.Ex. 2 473 270 12.5 108 11.6

Comp.Ex. 3 579 295 34 114 12.0
Comp.Ex. 4 503 355 2.5 110 11.3

[Table 4]

Hoop stress (hr) Note

5.0MPa 5.2MPa

Ex. 7 1811 825 Break upon elongation, 80°C

Comp.Ex.5 798 118
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respectively, were applied thereto at 80°C. The time duration up to breakage is recorded.
[0156] As can be seen from Table 4, the pipe prepared from Example 7, wherein high molecular weight, low density
section is added to the stage-1 reactor, showed enhanced durability.

Industrial Applicability

[0157] From the ethylene copolymers prepared according to the invention, obtained can be molded articles used as
blown film, casting film, injection molding, blow molding or pipe.
[0158] The film can be formed as blown film or casting film to provide mono-layer or multilayer film for package. They
can be applied to the use for shrinkage film, film for heavy package, film for freeze package, film for automatic package,
stretch wrap, or bags.

Claims

1. A process for preparing ethylene copolymer having bimodal molecular weight distribution by carrying out two-stage
polymerization in two reactors connected in series, which comprises

(a) polymerizing ethylene and one or more C3-C18 α-olefin comonomer(s) in the presence of a catalyst com-
position containing a transition metal catalyst represented by Chemical Formula (1) and cocatalyst which is a
mixture of an alkylaluminum compound and a boron compound in one reactor to produce a first copolymer; and
(b) passing the first copolymer prepared from stage (a) through the other reactor containing ethylene or ethylene
and at least one C3-C18 α-olefin at a temperature higher than the reaction temperature of stage (a) in the
presence of the same catalyst composition employed in stage (a) in order to prepare polymer of high temperature
which contains ethylene and C3-C18 α-olefin copolymer composition,

wherein in the formula, M represents transition metal from Group 4 in the Periodic Table of Elements;
Cp represents a cyclopentadienyl ring which is η5-linkable to the core metal M, or a fused ring containing
a cyclopentadienyl ring, in which the cyclopentadienyl ring or the fused ring containing a cyclopentadienyl
ring may be further substituted by one or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl,
(C2-C20)alkenyl and (C6-C30)ar(C1-C20)alkyl;
R1 through R4 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl,
(C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-
C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or each of R1 through R4

may be linked to an adjacent substituent via (C3-C12)alkylene or (C3-C12) alkenylene with or without
containing a fused ring to form an alicyclic ring, or a monocyclic or polycyclic aromatic ring;
Ar1 represents (C6-C30)aryl or (C3-C30)heteroaryl containing one or more heteroatom(s) selected from N,
O and S;
X1 and X2 independently represent halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)ar(C1-
C20)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)ar-
ylamino, (C1-C20)alkylthio, (C6-C30)arylthio, or
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R11 through R15 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cy-
cloalkyl,(C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy,
(C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or R11 through R15

may be linked to an adjacent substituent via (C3-C12)alkylene or (C3-C12) alkenylene with or without
containing a fused ring to form an alicyclic ring, or a monocyclic or polycyclic aromatic ring; and
the alkyl, aryl, cycloalkyl, aralkyl, alkoxy, alkylsiloxy, arylsiloxy, alkylamino, arylamino, alkylthio or arylthio
of R1 through R4, R11 through R15, X1 and X2; the ring formed by linkage of each of R1 through R4 or R11

through R15 to an adjacent substituent via alkylene or alkenylene; or the aryl or heteroaryl of Ar1 and Ar11

may be further substituted by one or more substituent (s) selected from halogen atom, (C1-C20)alkyl, (C3-
C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)ar-
ylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio, nitro and hydroxyl.

2. A process for preparing ethylene copolymer having bimodal molecular weight distribution by carrying out two-stage
polymerization in two reactors connected in parallel, which comprises

(a) polymerizing ethylene and one or more C3-C18 α-olefin comonomer(s) in the presence of a catalyst com-
position containing a transition metal catalyst represented by Chemical Formula (1) and cocatalyst which is a
mixture of an alkylaluminum compound and a boron compound in one reactor to produce a first copolymer;
(b) reacting the ethylene or ethylene and one or more C3-C18 α-olefin at a temperature higher than the reaction
temperature of stage (a) in the presence of the same catalyst composition employed in stage (a) in the other
reactor, in order to prepare a second copolymer; and
(c) mixing the first copolymer with the second copolymer,

wherein in the formula, M represents transition metal from Group 4 in the Periodic Table of Elements;
Cp represents a cyclopentadienyl ring which is η5-linkable to the core metal M, or a fused ring containing a
cyclopentadienyl ring, in which the cyclopentadienyl ring or the fused ring containing a cyclopentadienyl ring
may be further substituted by one or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl, (C2-C20)alke-
nyl and (C6-C30)ar(C1-C20)alkyl;
R1 through R4 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-
C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-
C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or each of R1 through R4 may
be linked to an adjacent substituent via (C3-C12)alkylene or (C3-C12) alkenylene with or without containing a
fused ring to form an alicyclic ring, or a monocyclic or polycyclic aromatic ring;
Ar1 represents (C6-C30)aryl or (C3-C30)heteroaryl containing one or more heteroatom(s) selected from N, O
and S;
X1 and X2 independently represent halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-C30)ar(C1-C20)alkyl,
(C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-
C20)alkylthio, (C6-C30)arylthio, or

R11 through R15 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl,
(C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-
C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or R11 through R15 may be
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linked to an adjacent substituent via (C3-C12)alkylene or (C3-C12) alkenylene with or without containing a fused
ring to form an alicyclic ring, or a monocyclic or polycyclic aromatic ring; and
the alkyl, aryl, cycloalkyl, aralkyl, alkoxy, alkylsiloxy, arylsiloxy, alkylamino, arylamino, alkylthio or arylthio of R1

through R4, R11 through R15, X1 and X2; the ring formed by linkage of each of R1 through R4 or R11 through
R15 to an adjacent substituent via alkylene or alkenylene; or the aryl or heteroaryl of Ar1 and Ar11 may be further
substituted by one or more substituent(s) selected from halogen atom, (C1-C20)alkyl, (C3-C20)cycloalkyl, (C6-
C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsiloxy, (C1-
C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio, nitro and hydroxyl.

3. A process for preparing ethylene copolymer having bimodal molecular weight distribution according to claim 1 or 2,
wherein M is Ti in the transition metal catalyst of Chemical Formula (1).

4. A process for preparing ethylene copolymer having bimodal molecular weight distribution according to claim 3,
wherein the transition metal catalyst is selected from the compounds represented by one of the following Chemical
Formulas:
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wherein in the formulas, R21 through R26 independently represent hydrogen atom, halogen atom, (C1-C20)alkyl,
(C3-C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (Cl-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)ar-
ylsiloxy, (Cl-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio or nitro, or each of R21

through R26 may be linked to an adjacent substituent via (C3-C12)alkylene or (C3-C12) alkenylene with or
without containing a fused ring to form an alicyclic ring, or a monocyclic or polycyclic aromatic ring; the alkyl,
aryl, cycloalkyl, aralkyl, alkoxy, alkylsiloxy, arylsiloxy, alkylamino, arylamino, alkylthio or arylthio of R21 through
R26 may be further substituted by one or more substituent(s) selected from halogen atom, (C1-C20)alkyl, (C3-
C20)cycloalkyl, (C6-C30)aryl, (C6-C30)ar(C1-C10)alkyl, (C1-C20)alkoxy, (C3-C20)alkylsiloxy, (C6-C30)arylsi-
loxy, (C1-C20)alkylamino, (C6-C30)arylamino, (C1-C20)alkylthio, (C6-C30)arylthio, nitro and hydroxyl;
Cp represents a cyclopentadienyl ring which is η5-linkable to the core metal M, or a fused ring containing a
cyclopentadienyl ring, in which the cyclopentadienyl ring or the fused ring containing cyclopentadienyl ring may
be further substituted by one or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl, (C2-C20)alkenyl
and (C6-C30)ar(C1-C20)alkyl; and
X1 and X2 represent methyl or Cl.

5. A process for preparing ethylene copolymer having bimodal molecular weight distribution according to claim 4,
wherein the transition metal catalyst is selected from the following compounds:



EP 2 324 067 B1

34

5

10

15

20

25

30

35

40

45

50

55

wherein in the formulas, Cp represents a cyclopentadienyl ring which is η5-linkable to the core metal M, or a
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fused ring containing a cyclopentadienyl ring, in which the fused ring containing cyclopentadienyl ring may be
further substituted by one or more substituents selected from (C1-C20)alkyl, (C6-C30)aryl, (C2-C20)alkenyl
and (C6-C30)ar(C1-C20)alkyl; and
X1 and X2 represent methyl or Cl.

6. A process for preparing ethylene copolymer having bimodal molecular weight distribution according to claim 1 or 2,
wherein the ratio of the transition metal catalyst to the cocatalyst is 1 : 0.1∼50 : 1∼1,000 on the basis of the molar
ratio of transition metal M: boron atom: aluminum atom.

7. A process for preparing ethylene copolymer having bimodal molecular weight distribution according to claim 1 or 2,
wherein the reaction temperature is from 80 to 210°C for stage (a), and from 90 to 220°C for stage (b), and the
reaction pressure for each stage is from 20 to 500 atm.

8. A process for preparing ethylene copolymer having bimodal molecular weight distribution according to claim 1 or 2,
wherein the α-olefin comonomer of stage (a) and (b) is selected from propylene, 1-butene, 1-pentene, 4-methyl-1-
pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, and mixtures thereof.

9. A process for preparing ethylene copolymer having bimodal molecular weight distribution according to claim 1 or 2,
wherein the amount of ethylene and one or more C3-C18 α-olefin comonomer of stage (a) and (b) is 60∼99% by
weight of ethylene and 1∼40% by weight of α-olefin comonomer.

10. Ethylene copolymer having bimodal molecular weight distribution prepared according to the process of claim 1 or 2.

11. Ethylene copolymer having bimodal molecular weight distribution according to claim 10, which comprises 10∼70%
by weight of the polymer prepared from stage (a) and 30∼90% by weight of the polymer prepared from stage (b).

12. Ethylene copolymer having bimodal molecular weight distribution according to claim 11, wherein the polymer pre-
pared from stage (a) has MI of 0.001 to 2.0 g/10 min and density of 0.860 to 0.925 g/cm3, and the polymer prepared
from stage (b) has MI of 0.1 to 100.0 g/10 min and density of 0.900 to 0.970 g/cm3.

13. Ethylene copolymer having bimodal molecular weight distribution according to claim 10, which is linear low density
polyethylene copolymer having the density of 0.910 to 0.940 g/cm3.

14. Ethylene copolymer having bimodal molecular weight distribution according to claim 10, which is very low density
ethylene copolymer having the density of 0.900 to 0.910 g/cm3.

15. Ethylene copolymer having bimodal molecular weight distribution according to claim 10, which has the molecular
weight distribution index of 2.8 to 30.

16. Ethylene copolymer having bimodal molecular weight distribution according to claim 10, which is used for blown
film, casting film, injection molding, blow molding or pipe.

Patentansprüche

1. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung durch Durchführen
einer zweistufigen Polymerisation in zwei in Serie geschalteten Reaktoren, welches umfasst

(a) Polymerisation von Ethylen und einem oder mehreren C3-C18 α-Olefin-Comonomer(en) in Gegenwart einer
Katalysatorzusammensetzung, enthaltend einen Übergangsmetallkatalysator der chemischen Formel (1) und
einen Cokatalysator, der ein Gemisch einer Alkylaluminiumverbindung und einer Borverbindung ist, in einem
Reaktor, um ein erstes Copolymer herzustellen und
(b) Durchleiten des ersten Copolymers hergestellt im Schritt (a) durch den anderen Reaktor, enthaltend Ethylen
oder Ethylen und mindestens ein C3-C18 α-Olefin bei einer Temperatur höher als die Reaktionstemperatur in
Schritt (a) in Gegenwart der gleichen Katalysatorzusammensetzung verwendet in Schritt (a), um Polymer hoher
Temperatur herzustellen, welches Ethylen und C3-C18 α-Olefin-Copolymerzusammensetzung enthält,
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worin in der Formel M ein Übergangsmetall der Gruppe 4 des Periodensystems der Elemente darstellt;
Cp einen Cyclopentadienylring, der η5-verbindbar mit dem Zentralmetall M ist, oder einen anellierten Ring,
enthaltend einen Cyclopentadienylring, darstellt, wobei der Cyclopentadienylring oder der anellierte Ring,
enthaltend einen Cyclopentadienylring, weiter substituiert sein kann durch einen oder mehrere Substitu-
enten, ausgewählt aus (C1-C20)-Alkyl, (C6-C30)-Aryl, (C2-C20)-Alkenyl und (C6-C30)ar(C1-C20)-Alkyl;
R1 bis R4 unabhängig ein Wasserstoffatom, Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-
C30)-Aryl, (C6-C30)ar(C1-C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-
C20)-Alkylamino, (C6-C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio oder Nitro darstellen, oder
jedes R1 bis R4 an einen benachbarten Substituenten über (C3-C12)-Alkylen oder (C3-C12)-Alkenylen mit
oder ohne einem anellierten Ring, um einen alicyclischen Ring oder einen monocyclischen oder polycyc-
lischen aromatischen Ring zu bilden gebunden sein kann;
Ar1 (C6-C30)-Aryl oder (C3-C30)-Heteroaryl mit einem oder mehreren Heteroatom(en), ausgewählt aus N,
O und S, darstellt;
X1 und X2 unabhängig ein Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-C30)ar(C1-C20)-Alkyl,
(C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-C20)-Alkylamino, (C6-C30)-Arylamino,
(C1-C20)-Alkylthio, (C6-C30)-Arylthio oder

darstellen;
R11 bis R15 unabängig ein Wasserstoffatom, Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-
C30)-Aryl, (C6-C30)ar(C1-C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-
C20)-Alkylamino, (C6-C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio oder Nitro darstellen, oder
R11 bis R15 an einen benachbarten Substituenten über (C3-C12)-Alkylen oder (C3-C12)-Alkenylen mit oder
ohne einem anellierten Ring, um einen alicyclischen Ring oder einen monocyclischen oder polycyclischen
aromatischen Ring zu bilden gebunden sein können; und
das Alkyl, Aryl, Cycloalkyl, Aralkyl, Alkoxy, Alkylsiloxy, Arylsiloxy, Alkylamino, Arylamino, Alkylthio oder
Arylthio von R1 bis R4, R11 bis R15, X1 und X2; der Ring, gebildet durch Binden eines jeden von R1 bis R4

oder R11 bis R15 an einen benachbarten Substituenten über Alkylen oder Alkenylen; oder das Aryl oder
Heteroaryl von Ar1 und Ar11 weiter substituiert sein können durch einen oder mehrere Substituenten, aus-
gewählt aus einem Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-C30)-Aryl, (C6-C30)ar(C1-
C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-C20)-Alkylamino, (C6-
C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio, Nitro und Hydroxyl.

2. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung durch Durchführen
einer zweistufigen Polymerisation in zwei parallel geschalteten Reaktoren, welches umfasst

(a) Polymerisation von Ethylen und einem oder mehreren C3-C18 α-Olefin-Comonomer(en) in Gegenwart einer
Katalysatorzusammensetzung, enthaltend einen Übergangsmetallkatalysator der chemischen Formel (1) und
einen Cokatalysator, der ein Gemisch einer Alkylaluminiumverbindung und einer Borverbindung ist, in einem
Reaktor, um ein erstes Copolymer herzustellen und
(b) Umsetzen des Ethylens oder Ethylens und einem oder mehreren C3-C18 α-Olefin(en) bei einer Temperatur
höher als die Reaktionstemperatur in Schritt (a) in Gegenwart der gleichen Katalysatorzusammensetzung wie
in Schritt (a) verwendet in dem anderen Reaktor, um ein zweites Copolymer herzustellen und
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(c) Mischen des ersten Copolymers mit dem zweiten Copolymer,

worin in der Formel M ein Übergangsmetall der Gruppe 4 des Periodensystems der Elemente darstellt;
Cp einen Cyclopentadienylring, der η5-verbindbar mit dem Zentralmetall M ist, oder einen anellierten Ring,
enthaltend einen Cyclopentadienylring, darstellt, wobei der Cyclopentadienylring oder der anellierte Ring,
enthaltend einen Cyclopentadienylring, weiter substituiert sein kann durch einen oder mehrere Substitu-
enten, ausgewählt aus (C1-C20)-Alkyl, (C6-C30)-Aryl, (C2-C20)-Alkenyl und (C6-C30)ar(C1-C20)-Alkyl;
R1 bis R4 unabhängig ein Wasserstoffatom, Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-
C30)-Aryl, (C6-C30)ar(C1-C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-
C20)-Alkylamino, (C6-C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio oder Nitro darstellen, oder
jedes R1 bis R4 an einen benachbarten Substituenten über (C3-C12)-Alkylen oder (C3-C12)-Alkenylen mit
oder ohne einem anellierten Ring, um einen alicyclischen Ring, oder einen monocyclischen oder polycyc-
lischen aromatischen Ring zu bilden, gebunden sein kann;
Ar1 (C6-C30)-Aryl oder (C3-C30)-Heteroaryl mit einem oder mehreren Heteroatom(en), ausgewählt aus N,
O und S, darstellt;
X1 und X2 unabhängig ein Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-C30)ar(C1-C20)-Alkyl,
(C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-C20)-Alkylamino, (C6-C30)-Arylamino,
(C1-C20)-Alkylthio, (C6-C30)-Arylthio oder

darstellen;
R11 bis R15 unabängig ein Wasserstoffatom, Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-
C30)-Aryl, (C6-C30)ar(C1-C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-
C20)-Alkylamino, (C6-C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio oder Nitro darstellen, oder
R11 bis R15 an einen benachbarten Substituenten über (C3-C12)-Alkylen oder (C3-C12)-Alkenylen mit oder
ohne einem anellierten Ring, um einen alicyclischen Ring, oder einen monocyclischen oder polycyclischen
aromatischen Ring zu bilden, gebunden sein können, und
das Alkyl, Aryl, Cycloalkyl, Aralkyl, Alkoxy, Alkylsiloxy, Arylsiloxy, Alkylamino, Arylamino, Alkylthio oder
Arylthio von R1 bis R4, R11 bis R15, X1 und X2; der Ring, gebildet durch Binden eines jeden von R1 bis R4

oder R11 bis R15 an einen benachbarten Substituenten über Alkylen oder Alkenylen; oder das Aryl oder
Heteroaryl von Ar1 und Ar11 weiter substituiert sein können durch einen oder mehrere Substituenten, aus-
gewählt aus einem Halogenatom, (C1-C20)-Alkyl, (C3-C20)-Cycloalkyl, (C6-C30)-Aryl, (C6-C30)ar(C1-
C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-C30)-Arylsiloxy, (C1-C20)-Alkylamino, (C6-
C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio, Nitro und Hydroxyl.

3. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung gemäß Anspruch
1 oder 2, wobei M Ti in dem Übergangsmetallkatalysator der chemischen Formel (1) ist.

4. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung gemäß Anspruch
3, wobei der Übergangsmetallkatalysator ausgewählt ist aus Verbindungen mit einer der nachstehenden chemischen
Formeln:
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wobei in den Formeln, R21 bis R26 unabhängig ein Wasserstoffatom, Halogenatom, (C1-C20)-Alkyl, (C3-
C20)-Cycloalkyl, (C6-C30)-Aryl, (C6-C30)ar(C1-C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-
C30)-Arylsiloxy, (C1-C20)-Alkylamino, (C6-C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio oder Nitro
darstellen, oder jedes von R21 bis R26 an einen benachbarten Substituenten über (C3-C12)-Alkylen oder (C3-
C12)-Alkenylen mit oder ohne einem anellierten Ring, um einen alicyclischen Ring oder einen monocyclischen
oder polycyclischen aromatischen Ring zu bilden, gebunden sein kann; das Alkyl, Aryl, Cycloalkyl, Aralkyl,
Alkoxy, Alkylsiloxy, Arylsiloxy, Alkylamino, Arylamino, Alkylthio oder Arylthio von R21 bis R26 weiter substituiert
sein kann durch einen oder mehrere Substituenten, ausgewählt aus einem Halogenatom, (C1-C20)-Alkyl, (C3-
C20)-Cycloalkyl, (C6-C30)-Aryl, (C6-C30)ar(C1-C10)-Alkyl, (C1-C20)-Alkoxy, (C3-C20)-Alkylsiloxy, (C6-
C30)-Arylsiloxy, (C1-C20)-Alkylamino, (C6-C30)-Arylamino, (C1-C20)-Alkylthio, (C6-C30)-Arylthio, Nitro und
Hydroxyl;
Cp einen Cyclopentadienylring, der η5-verbindbar mit dem Zentralmetall M ist, oder einen anellierten Ring,
enthaltend einen Cyclopentadienylring, darstellt, wobei der Cyclopentadienylring oder der anellierte Ring, ent-
haltend einen Cyclopentadienylring, weiter substituiert sein kann durch einen oder mehrere Substituenten,
ausgewählt aus (C1-C20)-Alkyl, (C6-C30)-Aryl, (C2-C20)-Alkenyl und (C6-C30)ar(C1-C20)-Alkyl und
X1 und X2 Methyl oder C1 darstellen.

5. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung gemäß Anspruch
4, wobei der Übergangsmetallkatalysator ausgewählt ist aus den nachstehenden Verbindungen:
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wobei in den Formeln Cp einen Cyclopentadienylring, der η5-verbindbar mit dem Zentralmetall M ist, oder einen
anellierten Ring, enthaltend einen Cyclopentadienylring, darstellt, wobei der anellierte Ring, enthaltend einen
Cyclopentadienylring, weiter substituiert sein kann durch einen oder mehrere Substituenten, ausgewählt aus
(C1-C20)-Alkyl, (C6-C30)-Aryl, (C2-C20)-Alkenyl und (C6-C30)ar(C1-C20)-Alkyl und
X1 und X2 Methyl oder Cl darstellen.

6. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung gemäß Anspruch
1 oder 2, wobei das Verhältnis des Übergangsmetallkatalysators zu dem Cokatalysator 1 : 0,1∼50 : 1∼1.000 beträgt,
bezogen auf das Molverhältnis von Übergangsmetall M: Boratom: Aluminumatom.

7. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung gemäß Anspruch
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1 oder 2, wobei die Reaktionstemperatur im Bereich von 80 bis 210°C für den Schritt (a) und von 90 bis 220°C für
den Schritt (b) liegt, und der Reaktionsdruck in jeder Stufe im Bereich von 20 bis 500 atm liegt.

8. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung gemäß Anspruch
1 oder 2, wobei das α-Olefin-Comonomer von Schritt (a) und (b) ausgewählt ist aus Propylen, 1-Buten, 1-Penten,
4-Methyl-1-penten, 1-Hexen, 1-Octen, 1-Decen, 1-Dodecen und Gemischen davon.

9. Verfahren zur Herstellung eines Ethylencopolymers mit bimodaler Molekulargewichtsverteilung gemäß Anspruch
1 oder 2, wobei die Menge an Ethylen und einem oder mehreren C3-C18 α-Olefin-Comonomer(en) von Schritt (a)
und (b) 60∼99 Gew.-% Ethylen und 1∼40 Gew.-% α-Olefin-Comonomer beträgt.

10. Ethylencopolymer mit bimodaler Molekulargewichtsverteilung hergestellt gemäß dem Verfahren nach Anspruch 1
oder 2.

11. Ethylencopolymer mit bimodaler Molekulargewichtsverteilung gemäß Anspruch 10, umfassend 10∼70 Gew.-% des
in Schritt

(a) hergestellten Polymers und 30∼90 Gew.-% des in Schritt
(b) hergestellten Polymers.

12. Ethylencopolymer mit bimodaler Molekulargewichtsverteilung gemäß Anspruch 11, wobei das in Schritt (a) herge-
stellte Polymer einen MI von 0,001 bis 2,0 g/10 min und eine Dichte von 0,860 bis 0,925 g/cm3 aufweist und das in
Schritt (b) hergestellte Polymer einen MI von 0,1 bis 100,0 g/10 min und eine Dichte von 0,900 bis 0,970 g/cm3

aufweist.

13. Ethylencopolymer mit bimodaler Molekulargewichtsverteilung gemäß Anspruch 10, welches lineares Polyethylen-
copolymer niedriger Dichte mit einer Dichte von 0,910 bis 0,940 g/cm3 ist.

14. Ethylencopolymer mit bimodaler Molekulargewichtsverteilung gemäß Anspruch 10, welches Ethylencopolymer mit
sehr niedriger Dichte mit einer Dichte von 0,900 bis 0,910 g/cm3 ist.

15. Ethylencopolymer mit bimodaler Molekulargewichtsverteilung gemäß Anspruch 10, mit einem Molekulargewichts-
verteilungsindex von 2,8 bis 30.

16. Ethylencopolymer mit bimodaler Molekulargewichtsverteilung gemäß Anspruch 10, welches verwendet wird für
Blasfolie, gegossene Folie, Spritzgießen, Blasformen oder Rohr.

Revendications

1. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires par
la mise en oeuvre d’une polymérisation à deux étapes dans deux réacteurs raccordés en série, qui comprend

(a) la polymérisation de l’éthylène et d’un ou de plusieurs comonomère(s) d’a-oléfine en C3 à C18 en présence
d’une composition de catalyseur contenant un catalyseur à métal de transition représenté par la formule chimique
(1) et un cocatalyseur qui est un mélange d’un composé d’alkylaluminium et d’un composé de bore dans un
réacteur pour produire un premier copolymère ; et
(b) le passage du premier copolymère préparé dans l’étape (a) à travers l’autre réacteur contenant de l’éthylène
ou de l’éthylène et au moins une α-oléfine en C3 à C18 à une température supérieure à la température réac-
tionnelle de l’étape (a) en présence de la même composition de catalyseur utilisée dans l’étape (a) afin de
préparer un polymère de température élevée qui contient une composition de copolymère d’éthylène et d’a-
oléfine en C3 à C18,
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dans laquelle dans la formule, M représente un métal de transition du groupe 4 du tableau périodique des
éléments ;
Cp représente un cycle cyclopentadiènyle qui peut former une liaison η5 avec le métal central M, ou un
cycle fusionné contenant un cycle cyclopentadiènyle, dans lequel le cycle cyclopentadiènyle ou le cycle
fusionné contenant un cycle cyclopentadiènyle peut en outre être substitué avec un ou plusieurs substituants
sélectionnés parmi un alkyle en C1 à C20, un aryle en C6 à C30, un alcényle en C2 à C20 et un (aryle en
C6 à C30)-(alkyle en C1 à C20) ;
R1 à R4 représentent indépendamment un atome d’hydrogène, un atome d’halogène, un alkyle en C1 à
C20, un cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle en C6 à C30)-(alkyle en C1 à C10), un
alcoxy en C1 à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en C6 à C30, un alkylamino en C1 à C20,
un arylamino en C6 à C30, un alkylthio en C1 à C20, un arylthio en C6 à C30 ou un nitro, ou chacun parmi
R1 à R4 peut être lié à un substituant adjacent par l’intermédiaire d’un alkylène en C3 à C12 ou d’un
alcénylène en C3 à C12 contenant ou non un cycle fusionné pour former un cycle alicyclique, ou un cycle
aromatique monocyclique ou polycyclique ;
Ar1 représente un aryle en C6 à C30 ou un hétéroaryle en C3 à C30 contenant un ou plusieurs hétéroatome(s)
sélectionné(s) parmi N, O et S ;
X1 et X2 représentent indépendamment un atome d’halogène, un alkyle en C1 à C20, un cycloalkyle en
C3 à C20, un (aryle en C6 à C30)-(alkyle en C1 à C20), un alcoxy en C1 à C20, un alkylsiloxy en C3 à
C20, un arylsiloxy en C6 à C30, un alkylamino en C1 à C20, un arylamino en C6 à C30, un alkylthio en C1
à C20, un arylthio en C6 à C30, ou

R11 à R15 représentent indépendamment un atome d’hydrogène, un atome d’halogène, un alkyle en C1 à
C20, un cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle en C6 à C30)-(alkyle en C1 à C10), un
alcoxy en C1 à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en C6 à C30, un alkylamino en C1 à C20,
un arylamino en C6 à C30, un alkylthio en C1 à C20, un arylthio en C6 à C30 ou un nitro, ou R11 à R15

peuvent être liés à un substituant adjacent par l’intermédiaire d’un alkylène en C3 à C12 ou d’un alcénylène
en C3 à C12 contenant ou non un cycle fusionné pour former un cycle alicyclique, ou un cycle aromatique
monocyclique ou polycyclique ; et
l’alkyle, l’aryle, le cycloalkyle, l’aralkyle, l’alcoxy, l’alkylsiloxy, l’arylsiloxy, l’alkylamino, l’arylamino, l’alkylthio
ou l’arylthio de R1 à R4, R11 à R15, X1 et X2 ; le cycle formé par la liaison de chacun parmi R1 à R4 ou R11

à R15 à un substituant adjacent par l’intermédiaire d’un alkylène ou d’un alcénylène ; ou l’aryle ou l’hété-
roaryle de Ar1 et Ar11 peut en outre être substitué avec un ou plusieurs substituant(s) sélectionné(s) parmi
un atome d’halogène, un alkyle en C1 à C20, un cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle
en C6 à C30)-(alkyle en C1 à C10), un alcoxy en C1 à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en
C6 à C30, un alkylamino en C1 à C20, un arylamino en C6 à C30, un alkylthio en C1 à C20, un arylthio en
C6 à C30, un nitro et un hydroxyle.

2. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires par
la mise en oeuvre d’une polymérisation à deux étapes dans deux réacteurs raccordés en parallèle, qui comprend

(a) la polymérisation de l’éthylène et d’un ou de plusieurs comonomère(s) d’α-oléfine en C3 à C18 en présence
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d’une composition de catalyseur contenant un catalyseur à métal de transition représenté par la formule chimique
(1) et un cocatalyseur qui est un mélange d’un composé d’alkylaluminium et d’un composé de bore dans un
réacteur pour produire un premier copolymère ;
(b) la réaction de l’éthylène ou de l’éthylène et des une ou plusieurs α-oléfines en C3 à C18 à une température
supérieure à la température réactionnelle de l’étape (a) en présence de la même composition de catalyseur
utilisée dans l’étape (a) dans l’autre réacteur, afin de préparer un second copolymère ; et
(c) le mélange du premier copolymère avec le second copolymère,

dans laquelle dans la formule, M représente un métal de transition du groupe 4 du tableau périodique des
éléments ;
Cp représente un cycle cyclopentadiènyle qui peut former une liaison η5 avec le métal central M, ou un
cycle fusionné contenant un cycle cyclopentadiènyle, dans lequel le cycle cyclopentadiènyle ou le cycle
fusionné contenant un cycle cyclopentadiènyle peut en outre être substitué avec un ou plusieurs substituants
sélectionnés parmi un alkyle en C1 à C20, un aryle en C6 à C30, un alcényle en C2 à C20 et un (aryle en
C6 à C30)-(alkyle en C1 à C20) ;
R1 à R4 représentent indépendamment un atome d’hydrogène, un atome d’halogène, un alkyle en C1 à
C20, un cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle en C6 à C30)-(alkyle en C1 à C10), un
alcoxy en C1 à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en C6 à C30, un alkylamino en C1 à C20,
un arylamino en C6 à C30, un alkylthio en C1 à C20, un arylthio en C6 à C30 ou un nitro, ou chacun parmi
R1 à R4 peut être lié à un substituant adjacent par l’intermédiaire d’un alkylène en C3 à C12 ou d’un
alcénylène en C3 à C12 contenant ou non un cycle fusionné pour former un cycle alicyclique, ou un cycle
aromatique monocyclique ou polycyclique ;
Ar1 représente un aryle en C6 à C30 ou un hétéroaryle en C3 à C30 contenant un ou plusieurs hétéroatome(s)
sélectionné(s) parmi N, O et S ;
X1 et X2 représentent indépendamment un atome d’halogène, un alkyle en C1 à C20, un cycloalkyle en
C3 à C20, un (aryle en C6 à C30)-(alkyle en C1 à C20), un alcoxy en C1 à C20, un alkylsiloxy en C3 à
C20, un arylsiloxy en C6 à C30, un alkylamino en C1 à C20, un arylamino en C6 à C30, un alkylthio en C1
à C20, un arylthio en C6 à C30, ou

R11 à R15 représentent indépendamment un atome d’hydrogène, un atome d’halogène, un alkyle en C1 à
C20, un cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle en C6 à C30)-(alkyle en C1 à C10), un
alcoxy en C1 à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en C6 à C30, un alkylamino en C1 à C20,
un arylamino en C6 à C30, un alkylthio en C1 à C20, un arylthio en C6 à C30 ou un nitro, ou R11 à R15

peuvent être liés à un substituant adjacent par l’intermédiaire d’un alkylène en C3 à C12 ou d’un alcénylène
en C3 à C12 contenant ou non un cycle fusionné pour former un cycle alicyclique, ou un cycle aromatique
monocyclique ou polycyclique ; et
l’alkyle, l’aryle, le cycloalkyle, l’aralkyle, l’alcoxy, l’alkylsiloxy, l’arylsiloxy, l’alkylamino, l’arylamino, l’alkylthio
ou l’arylthio de R1 à R4, R11 à R15, X1 et X2 ; le cycle formé par la liaison de chacun parmi R1 à R4 ou R11

à R15 à un substituant adjacent par l’intermédiaire d’un alkylène ou d’un alcénylène ; ou l’aryle ou l’hété-
roaryle de Ar1 et Ar11 peut en outre être substitué avec un ou plusieurs substituant(s) sélectionné(s) parmi
un atome d’halogène, un alkyle en C1 à C20, un cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle
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en C6 à C30)-(alkyle en C1 à C10), un alcoxy en C1 à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en
C6 à C30, un alkylamino en C1 à C20, un arylamino en C6 à C30, un alkylthio en C1 à C20, un arylthio en
C6 à C30, un nitro et un hydroxyle.

3. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires
selon la revendication 1 ou 2, dans lequel M est Ti dans le catalyseur à métal de transition de formule chimique (1).

4. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires
selon la revendication 3, dans lequel le catalyseur à métal de transition est sélectionné parmi les composés repré-
sentés par l’une des formules chimiques suivantes :
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dans lesquelles dans les formules, R21 à R26 représentent indépendamment un atome d’hydrogène, un atome
d’halogène, un alkyle en C1 à C20, un cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle en C6 à
C30)-(alkyle en C1 à C10), un alcoxy en C1 à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en C6 à C30, un
alkylamino en C1 à C20, un arylamino en C6 à C30, un alkylthio en C1 à C20, un arylthio en C6 à C30 ou un
nitro, ou chacun parmi R21 à R26 peut être lié à un substituant adjacent par l’intermédiaire d’un alkylène en C3
à C12 ou d’un alcénylène en C3 à C12 contenant ou non un cycle fusionné pour former un cycle alicyclique,
ou un cycle aromatique monocyclique ou polycyclique ; l’alkyle, l’aryle, le cycloalkyle, l’aralkyle, l’alcoxy, l’alk-
ylsiloxy, l’arylsiloxy, l’alkylamino, l’arylamino, l’alkylthio ou l’arylthio de R21 à R26 peut en outre être substitué
avec un ou plusieurs substituant(s) sélectionné(s) parmi un atome d’halogène, un alkyle en C1 à C20, un
cycloalkyle en C3 à C20, un aryle en C6 à C30, un (aryle en C6 à C30)-(alkyle en C1 à C10), un alcoxy en C1
à C20, un alkylsiloxy en C3 à C20, un arylsiloxy en C6 à C30, un alkylamino en C1 à C20, un arylamino en C6
à C30, un alkylthio en C1 à C20, un arylthio en C6 à C30, un nitro et un hydroxyle ;
Cp représente un cycle cyclopentadiènyle qui peut former une liaison η5 avec le métal central M, ou un cycle
fusionné contenant un cycle cyclopentadiènyle, dans lequel le cycle cyclopentadiènyle ou le cycle fusionné
contenant un cycle cyclopentadiènyle peut en outre être substitué avec un ou plusieurs substituants sélectionnés
parmi un alkyle en C1 à C20, un aryle en C6 à C30, un alcényle en C2 à C20 et un (aryle en C6 à C30)-(alkyle
en C1 à C20) ; et
X1 et X2 représentent un méthyle ou Cl.

5. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires
selon la revendication 4, dans lequel le catalyseur à métal de transition est sélectionné parmi les composés suivants :
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dans lesquelles dans les formules, Cp représente un cycle cyclopentadiènyle qui peut former une liaison η5

avec le métal central M, ou un cycle fusionné contenant un cycle cyclopentadiènyle, dans lequel le cycle fusionné
contenant un cycle cyclopentadiènyle peut en outre être substitué avec un ou plusieurs substituants sélectionnés
parmi un alkyle en C1 à C20, un aryle en C6 à C30, un alcényle en C2 à C20 et un (aryle en C6 à C30)-(alkyle
en C1 à C20) ; et
X1 et X2 représentent un méthyle ou Cl.

6. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires
selon la revendication 1 ou 2, dans lequel le rapport catalyseur à métal de transition sur cocatalyseur est de 1 :
0,1∼50 : 1∼1000 sur la base du rapport molaire métal de transition M : atome de bore : atome d’aluminium.

7. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires
selon la revendication 1 ou 2, dans lequel la température réactionnelle est de 80 à 210 °C pour l’étape (a), et de 90
à 220 °C pour l’étape (b), et la pression réactionnelle pour chaque étape est de 20 à 500 atm.

8. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires
selon la revendication 1 ou 2, dans lequel le comonomère d’α-oléfine des étapes (a) et (b) est sélectionné parmi le
propylène, le 1-butène, le 1-pentène, le 4-méthyl-1-pentène, le 1-hexène, le 1-octène, le 1-décène, le 1-dodécène,
et leurs mélanges.

9. Procédé de préparation d’un copolymère d’éthylène présentant une répartition bimodale de poids moléculaires
selon la revendication 1 ou 2, dans lequel la quantité d’éthylène et des un ou plusieurs comonomères d’α-oléfine
en C3 à C18 des étapes (a) et (b) est de 60∼99 % en poids d’éthylène et de 1∼40 % en poids de comonomère d’α-
oléfine.

10. Copolymère d’éthylène présentant une répartition bimodale de poids moléculaires préparé selon le procédé selon
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la revendication 1 ou 2.

11. Copolymère d’éthylène présentant une répartition bimodale de poids moléculaires selon la revendication 10, qui
comprend 10∼70 % en poids du polymère préparé dans l’étape (a) et 30∼90 % en poids du polymère préparé dans
l’étape (b).

12. Copolymère d’éthylène présentant une répartition bimodale de poids moléculaires selon la revendication 11, dans
lequel le polymère préparé dans l’étape (a) présente un MI de 0,001 à 2,0 g/10 minutes et une masse volumique
de 0,860 à 0,925 g/cm3, et le polymère préparé dans l’étape (b) présente un MI de 0,1 à 100,0 g/10 minutes et une
masse volumique de 0,900 à 0,970 g/cm3.

13. Copolymère d’éthylène présentant une répartition bimodale de poids moléculaires selon la revendication 10, qui
est un copolymère de polyéthylène linéaire basse densité dont la masse volumique est de 0,910 à 0,940 g/cm3.

14. Copolymère d’éthylène présentant une répartition bimodale de poids moléculaires selon la revendication 10, qui
est un copolymère d’éthylène très basse densité dont la masse volumique est de 0,900 à 0,910 g/cm3.

15. Copolymère d’éthylène présentant une répartition bimodale de poids moléculaires selon la revendication 10, qui
présente l’indice de répartition de poids moléculaires de 2,8 à 30.

16. Copolymère d’éthylène présentant une répartition bimodale de poids moléculaires selon la revendication 10, qui
est utilisé pour un film soufflé, un film de coulée, un moulage par injection, un moulage par soufflage ou un tuyau.
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